THE EFFECTS OF EMBEDDED ORIENTATION ON ONLINE DEVELOPMENTAL
MATHEMATICS STUDENTS' PERFORMANCE IN COMMUNITY COLLEGE: A CAUSALCOMPARATIVE STUDY

by
William R. Swenson
Liberty University

A Dissertation Presented in Partial Fulfillment
Of the Requirements for the Degree
Doctor of Philosophy

Liberty University
2021

2
THE EFFECTS OF EMBEDDED ORIENTATION ON ONLINE DEVELOPMENTAL
MATHEMATICS STUDENTS' PERFORMANCE IN COMMUNITY COLLEGE: A CAUSALCOMPARATIVE STUDY
by William R. Swenson

A Dissertation Presented in Partial Fulfillment
Of the Requirements for the Degree
Doctor of Philosophy

Liberty University, Lynchburg, VA
2021

APPROVED BY:
Nathan Putney Ed.D., Committee Chair
Treg Hopkins Ed.D., Committee Member

3
ABSTRACT
Students in developmental mathematics courses exhibit poor pass rates. This problem is
exaggerated for traditionally aged online community college learners, who frequently
demonstrate few self-regulatory skills. Self-regulated learners are intrinsically motivated, plan
for success, monitor their progress, and reflect on their learning. These learners are significantly
more likely to pass and eventually graduate. Self-regulatory skills can be taught through direct
instruction and reflection over a protracted learning experience. This form of instruction was
attempted using an embedded orientation in online developmental mathematics courses at a
community college. Embedded orientations provide consistent training, opportunities for
socialization, and increased instructor-to-learner interaction within a content course. Through a
16-week embedded orientation program, students received technical and metacognitive training
designed to improve their academic performance. A comparison of online students’ final
numerical grades between those participating in the orientation and a control group without the
orientation determined the orientation had no significant effect. Further analysis revealed the
orientation had no significant influence on final grades for traditional and non-traditional
students.
Keywords: community college, community of inquiry, developmental, embedded
orientation, mathematics, non-traditional, online, self-regulated learning, traditional
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CHAPTER ONE: INTRODUCTION
Overview
Students in online developmental mathematics courses at community colleges suffer from
poor pass rates. These rates result from misunderstood expectations, poor course design,
improper placement, and many other factors. Given the expected necessity of these courses for
the foreseeable future, faculty must incorporate research-based practices to address students'
obstacles. In addition to course content instruction, faculty must train students how to learn
through self-regulatory behaviors. This study addressed student access to online coursework and
their preparedness for online rigor through an embedded orientation providing technical support
and developing metacognitive skills.
Background
A review of the literature reveals several recommendations for improving online students'
mathematics performance including orienting students to the expectations of online learning
(Belland et al., 2017; Berry, 2019; Cho & Heron, 2015; Coleman et al., 2017; Cung et al., 2018;
Jaggars & Xu, 2016; Rennar-Potacco et al., 2019; Roye & Cauble, 2019; Veerabathina, 2019).
Researcher have observed positive effects on student performance from stand-alone college
orientation programs; however, there is a lack of research that embed orientations into the
educational experience (Jamelske, 2009; Permzadian & Credé, 2016; Taylor et al., 2015;
Valentine et al., 2011; Watts, 2019; Wozniak et al., 2012). Higher education leaders recognize
online education as a critical component for the community college's long-term goals, so
improvements in course design that include technical support and develop metacognitive skills
are essential (Allen & Seaman, 2013). This quantitative ex post facto causal-comparative
research study will investigate the influence of an embedded orientation to online developmental
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mathematics students' final grades, comparing traditional and non-traditional student
performance.
Online students withdraw at higher rates and earn significantly lower course grades than
face-to-face students (Bettinger et al., 2017; Xu & Jaggars, 2014). This situation is exacerbated
for developmental mathematics students at community colleges, whose passing rates range from
29% to 64% (Coleman et al., 2017). Researchers investigating this problem have made several
recommendations to improve the plight of these students. The current recommendations for
improving online developmental mathematics courses consist of four categories. Instructors
should orient students to the expectations of the course early, provide frequent encouraging
feedback, foster meaningful dialogue, and offer low-stakes self-directed opportunities (Belland et
al., 2017; Coleman et al., 2017; Jaggars & Xu, 2016; Roye & Cauble, 2019; Seckman, 2018).
Embedded orientations can incorporate these recommendations. While each of these
interventions should improve student performance, little research has been conducted on
embedding student orientations into content courses (Watts, 2019).
History of Distance Education
As technology has advanced, so have the opportunities for distance education. Distance
education refers to the physical distance between an instructor and learner. Instructors conducted
training through correspondence, initially through letters, until the invention of new technologies
in the 20th century. In 1919, the University of Wisconsin began the first licensed radio station
dedicated to educational broadcasting, with 176 educational institutions broadcasting by the end
of the 1920s (Kentnor, 2015). A University of Wisconsin professor (Charles A. Wedemeyer) was
a notable pioneer of distance education from the 1930s through the 1980s, progressively
incorporating radio, television, and satellite broadcasts (Diehl, 2013). This form of

16
correspondence education expanded the reach of instruction and established principles of
effective instruction. From 1970 to 1973, Wedemeyer mentored Michael G. Moore, who created
the theory of transactional distance three years later, providing a framework for online education
today (Diehl, 2013).
With the turn of the century came distance education courses offered online. This option
has grown significantly, with online enrollment accounting for 9.6% of total enrollment in
postsecondary education institutions in 2002 to 32.0% in 2012 (Allen & Seaman, 2013). The
number of students enrolled in at least one online course has continued to grow from 25.9% in
2012 to 33.1% in 2017 (Allen & Seaman, 2017; Lederman, 2018). This trend is partly driven by
educational leaders who increasingly recognize online education as critical to their long-term
sustainability, despite faculty acceptance of online education's legitimacy remaining steady at
around 30% since 2002 (Allen & Seaman, 2013). This belief is counter to the trend of
developmental education enrollment, which decreased from 2010 to 2015 (Blair et al., 2018).
Decreased enrollment is not the result of a reduced need for developmental mathematics, but the
evidence that students are less likely to persist when beginning with developmental coursework
(Scott-Clayton & Rodriguez, 2012; Xu & Dadgar, 2018). However, the percentage of students
enrolling in developmental courses remains high; 70% of two-year college students and 40% of
four-year college students have enrolled in at least one developmental course (Ganga et al.,
2018).
Theoretical Background
The growth of online education and the high enrollment rate in developmental
mathematics make online developmental math courses a critical obstacle to student success.
Instruction in these courses must be guided by valid theoretical frameworks and supported by
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research-based pedagogy. Recent learning management software such as Blackboard, Canvas,
and Google Classroom can facilitate strategies espoused by Moore's theory of transactional
distance and the community of inquiry framework. Transactional distance theory explains the
relationship between the learner's level of autonomy and the instructor's level of structure and
dialogue (Moore, 2013). Instructors aim to decrease transactional distance through lower levels
of structure by providing frequent opportunities for learners to choose their pace and path of
learning (Moore, 2013). This lower level of structure necessitates frequent instructor dialogue,
further decreasing transactional distance and attracting less autonomous students (Moore, 2013).
The community of inquiry framework aims to decrease transactional distance through
cognitive, social, and teaching presences (Garrison et al., 2000). Cognitive presence engages the
learner with content through perception, deliberation, conception, and action (Garrison & Akyol,
2013). Social presence focuses on the relationship between the learners and the instructor by
encouraging openness and affective expression between peers and the instructor (Garrison &
Akyol, 2013). Teacher presence connects cognitive and social presences through direct
instruction, course design, and moderation (Garrison & Akyol, 2013). An embedded orientation
can incorporate all three presences with instructional videos demonstrating technical issues,
metacognitive discussions facilitating content deliberation, and instructor moderation modeling
and ensuring open expression.
Summary
Online developmental mathematics persists as a barrier for students pursuing higher
education. However, there is little indication that a viable alternative will be offered soon (Allen
& Seaman, 2013). Therefore, research must build on theoretical frameworks to improve course
designs and pedagogy. While several recommendations exist, little research has focused on
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embedding orientations to offer the technical support and metacognitive skills online students
require.
Problem Statement
Developmental mathematics pass rates are substandard (Coleman et al., 2017). However,
research has identified interventions to improve performance. Several researchers have identified
that students need quality interaction with instructors, frequent reminders, constructive and
timely feedback, and opportunities to individualize their learning experience (Berry, 2019a,
2019b; Belland et al., 2017; Bishop et al., 2018; Chekour, 2017; Coleman et al., 2017; Cung et
al., 2018; Jaggars & Xu, 2016; Roye & Cauble, 2019; Seckman, 2018; Rennar-Potacco et al.,
2019). Beyond the content course, students also benefit from proactive advising, computer
training, multiple measure placement, and tutoring (Robichaud, 2016). The benefit of an
embedded semester-long orientation is the opportunity to include most of these other
recommendations. The recommendation to prepare students for online education has primarily
been studied as a separate orientation course (Hu & Driscoll, 2013; Jamelske, 2009; Nelson et
al., 2012; Permzadian & Credé, 2016). This study considered an embedded approach to online
student orientation for a developmental mathematics course at a community college.
Several studies have demonstrated the positive influences of orientation programs for
increasing overall GPA and retention rates (Cambridge-Williams et al., 2013; Jamelske, 2009;
Permzadian & Credé, 2016; Wibrowski et al., 2016). A few recent studies have embedded the
orientation program into the coursework (Ware & Strickland, 2019; Watts, 2019; Wozniak et al.,
2012). One study embedded technical orientation videos for an online course, which resulted in
lower withdrawal rates and increased passing rates (Taylor et al., 2015). Bol et al. (2016)
introduced training in self-regulated learning as a solution, resulting in increased metacognitive
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skills and math achievement for community college students in developmental mathematics
courses. Due to its success, Bol et al. (2016) explicitly recommended that further research be
done on the influence of self-regulated learning training for developmental mathematics students.
Traditional and non-traditional students have demonstrated disparate performance in
online STEM (Science, Technology, Engineering, and Mathematics) courses. Traditional
students at community colleges would benefit from self-regulatory training as they demonstrate
less autonomy necessary for online education resulting in lower success rates in online STEM
courses (Levy, 2017; Siivonen & Filander, 2020; Wladis, Conway, and Hachey, 2015; Wladis,
Hachey, and Conway, 2015). The problem was more research was needed to determine if
embedded orientations that couple technical support and self-regulated learning can increase
traditional and non-traditional students' performance in developmental mathematics courses (Bol
et al., 2016; Levy, 2017; Siivonen & Filander, 2020).
Purpose Statement
The purpose of this study was to determine the potential influence of an embedded
orientation on traditional and non-traditional online developmental mathematics students' final
grades at a community college. Traditional students are recent high school graduates under the
age of 25 enrolled full-time at the community college. Conversely, non-traditional students are
25 or older and will typically enroll part-time while working full-time to support their families
(National Center for Education Statistics, 2020b). This study employed a quantitative ex post
facto causal-comparative design comparing students' performance in orientation and nonorientation groups. The independent variables were participation in an embedded orientation and
traditional student status, and the dependent variable was students' numerical final grades. The
orientation group received two forms of additional instruction designed to support online
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mathematics learning. First, students received technical support through job-aids, video
demonstrations, and the technical support phone number. Second, students learned metacognitive
strategies through reflections on course content and personal study habits. Technical support was
offered more frequently toward the beginning of the semester, progressively waning throughout,
while metacognitive tasks were evenly distributed across the semester with increasing
complexity. The group without an orientation only received the technical support phone number
in addition to the course content.
The researcher administered this study to community college students in fully
asynchronous online beginning algebra courses. Developmental mathematics encompasses all
math courses below college level that do not count toward a college degree, typically below
college algebra (National Center for Education Statistics, 2020a). Beginning algebra courses are
the lowest level of mathematics consistently offered at the selected community college and the
first course most students enroll in who struggle with mathematics. The typical student in these
courses has earned low mathematics grades during high school, and the majority are nontraditional, not having studied mathematics in three or more years. The target population ranged
from 17 to 60 years old, with the mean age higher than those found in transfer-level mathematics
courses. Students' ethnicities and genders reflected the college population in this study.
Significance of the Study
This study added to the empirical, practical, and theoretical significance of the education
field. First, testing the research-based recommendations for online orientations confirmed
theoretical significance (Coleman et al., 2017; Cho & Heron, 2015). As few studies have
investigated embedded orientations, research was needed to determine their academic influence;
this study added to that body of empirical research (Taylor et al., 2015; Watts, 2019). This study
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offered a template for online math instructors to implement in their courses by designing an
embedded orientation for online developmental mathematics. All materials developed for this
course are freely available to any interested instructors, and all materials are free to use for
educational purposes. Developmental mathematics students tend to have little experience with
online or self-directed education. While some first-year experience courses address this
deficiency, many students do not take advantage of these classes if their degree plan does not
require it. As a result, an embedded program ensures that all developmental mathematics
students benefit from this service (Jones, 2013; Taylor et al., 2015). Additionally, an embedded
orientation will complement coursework so that students receive support when it is needed.
Students are the primary determinant of their success. However, many online traditional
developmental students lack the self-regulatory behaviors needed to succeed (Bol et al., 2016;
Levy, 2017; Siivonen & Filander, 2020). Therefore, colleges must prepare them for obstacles
encountered in online developmental mathematics education, so they are more likely to succeed
(Cho & Heron, 2015). Contrary to face-to-face courses, where instructors can pull students aside
when their performance begins to wane, an online instructor is restricted to email that often goes
ignored. Online students must become self-regulated learners, aware of limitations and
opportunities for support (Cho & Heron, 2015). An embedded online orientation can possibly
train students to learn online and become self-regulated learners equipped to handle future
coursework.
Research Question
The research question for this study was:
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RQ: Is there a difference in online developmental mathematics students' final grades
between students who participate in an embedded orientation and those who do not based on
traditional or non-traditional status?
Definitions
1. Community of Inquiry (COI) – Learning occurs within the interaction of three core
elements: cognitive presence, social presence, and teaching presence (Garrison et al.,
2000).
2. Developmental Mathematics – College mathematics courses focusing on the development
of computing and mathematical reasoning below the college level that do not count
toward degree completion (National Center for Education Statistics, 2020a).
3. Distance Education – Instruction where the learner and instructor are physically
separated (Moore, 1973).
4. Non-traditional student – A student 25 years of age or older who is returning to
education, enrolled part-time, has children, works full-time, or did not graduate high
school (National Center for Education Statistics, 2020b).
5. Online Education – Instruction, where a minimum of 80% of the content is delivered
online (Kentnor, 2015).
6. Orientation – A series of activities designed to prepare students for higher education
coursework expectations and familiarize them with the learning environment (Jones,
2013).
7. Self-regulated learner – An individual engaging in forethought, volitional control, and
metacognition to acquire knowledge (Bol et al., 2016).
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8. Traditional student – A student under the age of 25 who is a recent high school graduate
and enrolled full-time (National Center for Education Statistics, 2020b).
9. Transactional distance – The influences and interactions among the macro-factors of
structure, dialogue, and autonomy within distance education that contribute to learning
(Moore, 2013).
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CHAPTER TWO: LITERATURE REVIEW
Overview
An extensive review of the literature investigated the design elements that support student
performance in online developmental mathematics courses. This chapter presents a review of
current literature related to this topic. It begins with a foundation of transactional distance theory
illuminated through the community of inquiry framework. A synthesis of the recent literature
follows, discussing the validity of online education, forms of online interaction, analyzing
developmental mathematics learners, and presenting strategies for constructive interaction
development. This understanding of online pedagogy is then integrated with mathematics
instruction and the use of orientations to support mathematics students. Finally, the researcher
highlighted a gap in the literature for future research.
Theoretical Framework
Distance education challenges instructors to provide an equivalent quality of learning
environment to face-to-face instruction. However, physical and temporal distance requires
educators to adopt a pedagogical perspective tailored to novel experiences to some online
students. To overcome these challenges, research educators have developed a myriad of distance
education theories and frameworks.
Theory of Transactional Distance
Distance education presents unique pedagogical challenges for educators compared to
traditional face-to-face instruction. Distance education is delineated by separating the teacher and
learner in space or time (Moore, 1973). Self-motivated learners sought instruction from experts
to increase their knowledge at their own pace. This instruction was conducted through letter
correspondence, radio, and television (Diehl, 2013). As this form of education expanded, the
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need arose for a guiding theoretical framework for independent learning and instruction (Moore,
1973). In 1973, M. G. Moore proposed a definition of distance education that addressed the roles
of teachers, autonomous learners, and communication media, which evolved into the theory of
transactional distance.
Transactional distance explains the relationships between teachers and learners through
the elements of structure, dialogue, and autonomy (Moore, 2013). The structure of a course
refers to the level a learner can individualize coursework. Prescribed activities, limited variation,
and a predetermined lesson sequence characterize high levels of structure. Transactional distance
is decreased by a low level of structure when the acquisition of knowledge is not dependent on a
time limit (Moore, 2013). It is also decreased when the course allows for the learner to make
decisions about how to proceed or demonstrate understanding, or the course remains flexible
through differentiated instruction (Moore, 2013). Dialogue represents the frequency of
meaningful communication between the instructor and the learner. Significant levels of dialogue
through frequent constructive feedback, personable informal communication, and the instructor's
personality can decrease transactional distance (Moore, 2013; Ou et al., 2019). Depending on the
degree of transactional distance, a learner can require varying levels of autonomy. Courses with
high levels of structure and low levels of dialogue have a high level of transactional distance,
which will require significant autonomy from the learner to access the knowledge (Moore,
2013). With the current ubiquity of online instruction in higher education, course design must
focus on decreasing the transactional distance.
Community of Inquiry Framework Theory
The Internet offers the learning environment an opportunity to decrease transactional
distance between the instructors and learners through immediate transactions. Garrison et al.
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(2000) developed the community of inquiry framework to maintain quality in online education,
designed to decrease structure and improve dialogue through cognitive, social, and teaching
presences. Cognitive presence is developed through learner interaction with content (Garrison et
al., 2000). This idea was expanded through the practical inquiry model, which outlined the
learner's process through perception, deliberation, conception, and action (Garrison & Akyol,
2013). Social presence reflects learners' relationships with their instructors and peers through
expression, openness, and group cohesion (Garrison et al., 2000). Further research has refined
expression in social presence to affective expression, communicating mood through humor or
textual variations like emoticons (Garrison & Akyol, 2013). Affective expression is valuable for
establishing group cohesion but should not define social presence (Garrison & Akyol, 2013).
Teaching presence encompasses all the responsibilities of the instructor to establish cognitive
and social presences through design, moderating discussions, and direct instruction (Garrison &
Akyol, 2013; Garrison et al., 2000).
Related Literature
While distance education still occurs through various media, online education has risen to
prominence in higher education. Online education offers students convenience, removing the
necessity to commute and allowing flexible scheduling for asynchronous courses. Given its
unique platform and constantly changing learning management systems, online education
requires thoughtful design. Online learning can distinguish itself from traditional in-person
courses by incorporating cognitive, social, and teaching presences.
Online vs. In-Person
Since its inception, distance education, specifically online education, has been questioned
concerning its reliability to convey knowledge effectively. This concern was the purpose of
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creating theoretical frameworks like transactional distance and the community of inquiry
framework. As of 2017, about one-third of all college students enroll in at least one online course
(Lederman, 2018). Additionally, community colleges enroll significantly higher proportions of
students in remedial coursework, with around 70% of students enrolled in at least one
developmental course at community colleges compared to 40% at four-year universities (Ganga
et al., 2018). With fewer students enrolling in higher education and more students choosing
online education, many developmental students at community colleges will be learning in an
online environment (Xu & Xu, 2019).
McPartlan et al. (2019) identified four main themes revealing why students are
increasingly choosing online learning. Students' predominant reasons for selecting online
education are the preference and need for flexibility (Ilgaz & Gulbahar, 2017; Jaggars, 2012;
McPartlan et al., 2019; Xu & Xu, 2019). The need for flexibility reflects competing
responsibilities such as caring for family or full-time employment (Ilgaz & Gulbahar, 2017;
Jaggars, 2012; McPartlan et al., 2019). Consequently, these students spent more time on
nonacademic activities and less time on academic work resulting in lower academic performance
than their face-to-face peers (McPartlan et al., 2019). Surprisingly, 23% of students reported
choosing online coursework because face-to-face courses had reached capacity, leaving online as
the only option (McPartlan et al., 2019). However, there were no significant differences in
performance for these students compared to their face-to-face peers (McPartlan et al., 2019).
Finally, 20% of students preferred online coursework, yet their academic performance was below
their peers despite their belief that online provided a superior learning experience (McPartlan et
al., 2019). This preference suggests that students are not fully aware of online education
expectations and could benefit from an online orientation or first-year experience course.
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Students may unconsciously understand the increased challenges of online education as they also
report a preference for face-to-face courses when they consider the subject especially difficult or
interesting (Jaggars, 2012).
Colleges are financially motivated to offer more online courses due to perceived cost
savings. Entirely asynchronous online courses are not limited by physical space, allowing
increased enrollment in the class while removing building maintenance costs (Xu & Xu, 2019).
Bettinger et al. (2017) observed no significant differences in student outcomes when increasing
online course enrollment. However, these financial benefits come at the cost of student
performance and persistence, with online students earning lower grades and less likely to enroll
in the following semester (Bettinger et al., 2017). While online courses can increase enrollment
without negatively affecting student performance, class sizes remain smaller than face-to-face
because faculty emphasize increased time requirements to engage online students (Xu & Xu,
2019). Developing a quality online course with sufficient instructor feedback could cost up to
6% more than traditional face-to-face courses (Xu & Xu, 2019).
A few studies have investigated the effectiveness of instructional modalities for
developmental mathematics courses. Bishop et al. (2018) determined that indirect instruction
methods produced superior results compared to direct instruction. This study was limited to the
North Carolina redesign in 2013, investigating students' completion of a gateway mathematics
course after passing a developmental math course (Bishop et al., 2018). Students enrolled in
student-centered, or computer-centered instructional courses had consistently higher pass rates
than students enrolled in teacher-centered courses (Bishop et al., 2018). However, a
comprehensive analysis of all community college students in Washington revealed that online
students underperform compared to face-to-face students (Xu & Jaggars, 2014). On average,
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online students earn a 2.77 GPA compared to face-to-face students who earn a 2.97 GPA (Xu &
Jaggars, 2014). While this performance gap was evident across all subject matters and student
demographics, it was more prevalent for underprepared, young, male, or Black students (Xu &
Jaggars, 2014).
More isolated research depicted a different picture of online education for mathematics
students. Chekour (2017) found that online instruction was equally effective or more effective
than traditional face-to-face instruction, while hybrid instruction outperformed both. STEM
students also demonstrated equivalent performance when receiving online or face-to-face
tutoring (Rennar-Potacco et al., 2019). Students enrolled in at-risk STEM courses voluntarily
sought tutoring in either a face-to-face or online environment; both groups equally demonstrated
significantly higher pass rates than students who did not receive tutoring (Rennar-Potacco et al.,
2019). Campus lockdowns citing safety concerns over the COVID-19 pandemic required
tutoring services to be offered exclusively online (Johns & Mills, 2021). Johns and Mills (2021)
recommended that institutions offer synchronous videoconferencing as the primary face-to-face
equivalent supplemented with asynchronous email or discussion board tutoring to serve students
without reliable high-speed internet. While student performance benefits from tutoring, student
attendance significantly declined without a face-to-face option, requiring institutions to
creatively advertise support services (Johns & Mills, 2021; Rennar-Potacco et al., 2019).
While online education's effectiveness compared to face-to-face instruction continues to
be investigated, a few overall trends are prevalent. First, focused research demonstrates the
equivalent or superior performance of online instruction (Bishop et al., 2018; Chekour, 2017;
Rennar-Potacco et al., 2019). These studies were conducted by trained researchers investigating
the application of best practices in each modality. Second, large-scale studies examining the
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overall effectiveness of modalities taught by all instructors revealed the lower performance of
online students (Bettinger et al., 2017; Xu & Jaggars, 2014). This discrepancy appears to stem
from instructors' lack of professional development in the relatively new and rapidly changing
online environment.
Successful asynchronous online education requires trained faculty, autonomous students,
and a technological infrastructure capable of supporting instructor-learner interaction.
Community college faculty generally hold a master's degree in their field, with little to no formal
training in education (Edwards et al., 2015). Several researchers found that the most crucial
element of online instruction that increases student retention and performance is quality
interaction between instructors and learners (Bishop et al., 2018; Chekour, 2017; Jaggars & Xu,
2016; Rennar-Potacco et al., 2019). This element of social presence is achieved when instructors
communicate across multiple avenues, incorporating humor and expressive language where
appropriate (Garrison & Akyol, 2013). The level of planning and ongoing time commitment to
provide this level of interaction is beyond the expectation of most faculty members (Bettinger et
al., 2017; Xu & Xu, 2019).
Students are not prepared for the “high levels of self-motivation, self-direction, and selfdiscipline” required to succeed in an asynchronous online course (Xu & Xu, 2019, p. 26).
Furthermore, traditionally aged students enrolled in lower-division online courses are illequipped as self-regulated learners compared to non-traditional adult learners (Dos Santos,
2020b; Siivonen & Filander, 2020; Xu & Xu, 2019). To address this, Xu and Xu (2019)
recommended offering fewer online developmental courses with significant traditional student
enrollment while increasing online course offerings with adult learners. Colleges should also
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provide all students with self-regulated training early in their academic careers (Coleman et al.,
2017).
Online Interaction
It is easier to create online courses that are highly structured with low dialogue levels,
resulting in higher levels of transactional distance. However, it is the human element, the
inclusion of social presence through quality dialogue supported by the course structure, which
results in increased student performance (Jaggars & Xu, 2016). Comparing the organization's
influence, learning objectives, interaction, and technology on student performance, Jaggars and
Xu (2016) determined that interaction was the sole indicator of increased performance following
a multi-level analysis. The most crucial aspect of interaction was the instructor's demonstration
of care through encouraging dialogue (Jaggars & Xu, 2016). Follow-up qualitative analysis
revealed that students valued instructor-to-learner interaction above learner-to-learner
interactions (Jaggars & Xu, 2016). With the available technology, there exists a multitude of
ways that this interaction can occur.
Types of Interaction
Online interaction predominantly occurs through either synchronous or asynchronous
methods and videoconferencing or text-based communication. Seckman (2018) used the
community of inquiry framework to evaluate the influence of video and text feedback on
cognitive, social, and teacher presences. This study demonstrated that videoconferencing
feedback more effectively established a community of inquiry compared to text-based feedback.
Expanding on this concept, Veerabathina (2019) incorporated several synchronous
videoconferencing sessions in introductory astronomy courses at specified intervals throughout
the course. Veerabathina (2019) offered beginning, middle, and end-of-course videoconferencing
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sessions designed to orient and motivate students and review sessions before each exam.
Anecdotal results demonstrated positive student reactions, increased teacher presence, and
possibly increased retention (Veerabathina, 2019).
However, the inclusion of videoconferencing alone will not improve student
performance. Based on the assumption that videoconferencing results in increased social
presence, Giesbers et al. (2014) found that its inclusion did not significantly increase students'
learning experience or pass rates. Over seven years, summer online economics students
participated in discussion boards, including group videoconferences in the latter five years. The
negative result from Giesbers et al. (2014) demonstrates the need for instructor-to-learner
interaction, or a design for the implementation of videoconferencing, both of which were
addressed by Berry (2019b). In an entirely synchronous online educational environment, Berry
(2019b) conducted student interviews and reviewed video archives of videoconferencing
sessions. Through a combination of audiovisual communication concurrently with text
correspondence, students maintained constant interaction with their instructor and peers (Berry,
2019b).
Using a combination of synchronous and asynchronous communication, Cung et al.
(2018) investigated the influence of increased dialogue on performance in the form of frequent
instructor emails and weekly voluntary in-person meetings. The final exam grades and course
pass rates were compared over two academic years (Cung et al., 2018). The first year provided
infrequent instructor emails, while the second offered weekly in-person meetings and a minimum
of one weekly email from the instructor (Cung et al., 2018). Pass rates in the second year
increased by 13%, and final exam scores increased by 4% (Cung et al., 2018).
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Dialogue increases the students’ sense of social presence, and several avenues are
available to promote discussion. While videoconferencing, text, synchronous, and asynchronous
communication can individually be applied to increase the level of dialogue in a course, their
strength comes from a balanced combination. Using these tools to increase instructor-to-learner
dialogue represented the common thread that produced successful results. A selection of studies
offers recommendations on using these tools to create quality interactions.
Creating Quality Interaction
When designing for quality interaction, several features should be included. Interaction
should involve learner-to-learner interactions and, more importantly, instructor-to-learner
interaction (Berry, 2019a; Roye & Cauble, 2019). Truhlar et al. (2018) investigated the influence
and proper application of role assignments for improving group discussions. Students were
assigned the role of traffic director, questioner, or synthesizer and briefly trained on their
meaning (Truhlar et al., 2018). These roles were designed to promote elements of quality peer
interaction, such as staying on task, maintaining mutual respect, delving beyond surface-level
observations, reflecting, and summarizing new knowledge (Truhlar et al., 2018). Assigning roles
significantly increased learner-to-learner interaction [p = .004] and group reflection increased
higher-level thinking on Bloom’s taxonomy [p = .04] (Truhlar et al., 2018).
Instructor-to-learner interaction should be characterized by frequent feedback, personal
connection, and respect (Belland et al., 2017; Berry, 2019a; Roye & Cauble, 2019). Feedback is
especially critical in the learning environment. Helpful feedback is specific to the learner, given
often, encouraging, and comes when it is most needed (Belland et al., 2017; Berry, 2019a; Roye
& Cauble, 2019). However, creating additional opportunities for feedback may prove detrimental
to student progression (Law et al., 2020). Law et al. (2020) postulated that this increased
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cognitive load led to increased withdrawal rates by adding quick-check quizzes to entry-level
math and science courses to ensure student engagement with the lecture material. When
establishing a personal connection, instructors should model affective communication and allow
for discussion unrelated to the content (Berry, 2019a; Garrison & Akyol, 2013). Berry (2019a)
highlighted that instructors who were aware of their students' personal challenges affecting their
ability to participate were more apt to offer encouragement and solicit advice from peers who
experienced similar situations.
Courses designed for case-based or problem-based learning also promote quality
interactions. Roye and Cauble (2019) demonstrated how small groups engaged in a case study
participated in several essential elements of dialogue. Nursing students were presented with a
hypothetical patient and mutually decided upon a course of treatment before receiving feedback
on the consequences of their decision from the instructor (Roye & Cauble, 2019). Once the case
was carried to completion, the instructor modeled and moderated a reflection on the process
(Roye & Cauble, 2019). Belland et al. (2017) confirmed the benefits of case-based and problembased learning in their meta-analysis, highlighting the importance of scaffolding for interactions
in these contexts. Through a personal connection and modeling, instructors can help students
control frustration through these open-ended scenarios and offer guiding questions and feedback
that encourages students toward a solution (Belland et al., 2017).
Scaffolding strategies allow instructors to design for improved dialogue from learners to
their instructors and peers. Cho and Cho (2016) developed a twice-validated tool for measuring
the level and quality of scaffolding for online interactions. Their tool emphasized the same
strategies noted by other researchers, such as encouragement, modeling communication,
providing regular feedback, and holding high expectations for student performance (Cho & Cho,
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2016). These types of interactions provide a platform for implementing these strategies.
Videoconferencing allows visual cues that aid in affective communication; these cues convey to
the student the instructor's high expectations and encouragement of student performance
(Garrison & Akyol, 2013). While videoconferencing can communicate quality instructor
feedback, text-based feedback can supplement with additional details and increased frequency in
a predominantly asynchronous course (Seckman, 2018). Additionally, instructor participation in
text-based group discussion boards can model quality contributions, demonstrating the
instructor's expectations for participation.
Teaching Mathematics
Developmental mathematics students present unique challenges for instructors designing
for quality interaction. Recommendations for math instruction regularly focus on learner
interaction with content. For example, Demir and Başol (2014) found that embedding
mathematics software like computer algebra systems and dynamic geometry software improved
students' content knowledge acquisition. While these tools were incorporated into face-to-face
math courses, they could also be applied in the online learning environment. However,
successful integration relies on a comprehensive understanding of developmental mathematics
students.
Developmental Mathematics Learner Analysis
Developmental mathematics students at community colleges demonstrate substandard
pass rates. Three separate studies found pass rates range from 29 to 64% at Virginia community
colleges. Furthermore, 40 to 50% of all first-year students in New York community colleges pass
their first attempt, and 33% of students referred to developmental math courses pass within three
years (Coleman et al., 2017). Several factors contribute to this problem, including the level of
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remedial mathematics to which they are assigned and the student’s capacity for self-regulated
learning. Self-regulated learners tend to be motivated by goal orientation, self-efficacy for
learning, have positive emotions reducing test anxiety and boredom, and practice learning
strategies like metacognition and critical thinking (Cho & Heron, 2015). Self-efficacy represents
an individual’s belief in their capability to learn and perform (Schunk, 2016). Of these qualities,
Cho and Heron (2015) found that factors associated with motivation were the most significant
indicators for student success. Through instructor-to-learner interaction, students' self-efficacy
can be improved with short-term goals and regular encouragement (Berry, 2019a; Cho & Cho,
2016; Cho & Heron, 2015). Cho and Heron (2015) also recommended providing an orientation
for online developmental mathematics courses to acclimatize to course expectations.
However, regardless of students’ level of self-regulation, students persist through
mathematics courses at higher rates when assigned to fewer levels of math remediation. Boatman
and Long (2017) observed that students placed one level below grade level persisted with an
average of 11.5 fewer college-level courses than students placed at grade level. Students placed
two to three levels below grade level demonstrated no significant difference in persistence
(Boatman & Long, 2017). Surprisingly, Xu and Dadgar (2018) observed that students with the
lowest level of math ability would persist to graduation at higher rates when placed in a twocourse remedial track instead of the three-course remedial track. This idea was supported by Ngo
and Kosiewicz (2017), who lengthened the remedial track to offer more time for mastery, which
led to increased attrition. This concept demonstrates the relationship between student persistence
and motivation observed by Cho and Heron (2015). Students demonstrated an increased capacity
for success when motivated by decreased time toward completion (Xu & Dadgar, 2018). Bahr
(2011) offered an alternative explanation that students placed in lower levels of remedial math
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have more opportunities to withdraw between courses and inherently have higher attrition.
Additionally, these students were more likely to delay enrollment in remedial math, delay
enrollment between classes, and fail their first attempt, which all increased their chances of
dropping out (Bahr, 2011). These factors are exacerbated for students entering pre-algebra, or
beginning algebra, from a fundamental course who are less likely to pass on their first attempt
(Bahr, 2011).
Since students’ college-level mathematics progression can depend on their initial
placement, it is crucial to understand what elements lead to lower placement. Ngo (2019)
observed that students who missed the cutoff for elementary algebra by missing one or two
fraction questions were 40% less likely to attempt elementary algebra. Moreover, these students
are 35% less likely to pass than students who scored more than two points above the fraction
cutoff. Consequently, these students were 12% less likely to complete 60 credits, averaging eight
fewer credits (Ngo, 2019). These statistics represent a significant population of community
college students. Students who missed the cutoff for pre-algebra and elementary algebra by one
fraction question represented 69% and 45%, respectively, of all students who missed the cutoff
(Ngo, 2019). Students missing a few fundamental procedural skills have motivated colleges to
increase offerings of corequisite courses (Royer & Baker, 2018). Corequisite courses offer
college-level mathematics courses to students just below the cutoff by offering concurrent
instruction in remedial procedural skills (Royer & Baker, 2018). Students enrolled in corequisite
courses demonstrate increased completion rates for college-level mathematics and subsequent
gateway courses (Royer & Baker, 2018). Variations of the corequisite model, requiring an
asynchronous remediation course for students failing a diagnostic pretest, also correlate with
increased completion rates in gateway courses (Bertrand et al., 2021).
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The substandard progression of developmental mathematics students could be the result of
the developmental curriculum. Online developmental mathematics emphasizes procedural
algebraic skills, failing to assess “geometry, probability and statistics, discrete mathematics, and
deductive proof” (Martin et al., 2017, p. 11). While developmental mathematics increases
students’ procedural skills, they are not associated with increased college-level mathematics
grades [p = .11] (Quarles & Davis, 2017). To succeed in college-level mathematics, students
need to demonstrate conceptual proficiency associated with increased statistics and liberal arts
mathematics grades [p = .007] (Quarles & Davis, 2017).
When students fail to complete developmental mathematics, they are less likely to
complete any credential (Bahr, 2013). After failing a developmental mathematics course, 60% to
66% of students remain at the community college. Of the remaining students, 7% complete a
certificate and 16% complete a credential or transfer to a 4-year university (Bahr, 2013). These
students fail to overcome the challenges of navigating to a new credential (Bahr, 2013).
However, before failing developmental mathematics, many of these students already demonstrate
declining participation and academic performance (Bahr, 2013). For STEM majors placed in
remedial mathematics, 68% fail college-level algebra and trigonometry, resulting in a switch to a
non-STEM major (Cohen & Kelly, 2019). For those students pursuing a technical certificate,
contextualization may benefit when they are assigned to remedial mathematics (Wang et al.,
2017). Contextualized courses provide project-based instruction, guiding students through
realistic scenarios requiring remedial mathematics (Wang et al., 2017). In this study, technical
instructors at a community college designed a contextualized math course and hands-on
workshops to accompany remedial math courses and subject-specific math courses (Wang et al.,
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2017). As a result, students expressed increased interest in mathematics and reduced math
anxiety (Wang et al., 2017).
Effective Online Mathematics Instruction
Significant overlap exists in the recommendations for online developmental math
instruction and online instruction. Coleman et al. (2017) reiterated the importance of quality
instructor-to-learner interaction; they posited after student self-discipline, this form of dialogue is
one of the most critical factors influencing student retention. Hegeman (2015) increased the
quality of instructor-to-learner interaction by replacing the publisher-created lecture videos with
instructor-created lecture videos. In addition to replacing the videos, Hegeman (2015) also
required students to complete instructor-created notes designed to coincide with the instructor
lecture videos. These two interventions resulted in increased performance on online and
handwritten assignments, consequently, increased students’ final course grades (Hegeman,
2015).
In agreement with the research by Cho and Heron (2015), Coleman et al. (2017) observed
that students' ability to self-regulate, or their level of self-discipline, is the most significant factor
influencing student retention. Online developmental mathematics students demonstrate "weak
study skills, poor time-management skills, and undeveloped individual learning skills [making]
them poor candidates for individual study assignments without structure" (Coleman et al., 2017,
p. 21). Moore's (2013) theory of transactional distance claims that low structure requires less
autonomy. However, Coleman et al. (2017) suggested that increased structure (which simplifies
how to interact with content) will require less autonomy from developmental math students.
Moore (2013) explained that low structure courses allow for individualization of content,
allowing students to interact with the material on their terms, thus requiring less autonomy to
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access the material. However, developmental mathematics students lack self-awareness about
"their individual needs, learning style, and pace" (Moore, 2013, p. 73) so collaborating with an
instructor to modify content requires significant autonomy (Coleman et al., 2017). Therefore, it
is easier for developmental mathematics students to adhere to a courses’ established structure
than pursue individualization.
Many online developmental mathematics students are unaware of the increased strain on
students' autonomy and self-regulation in these courses. To prepare them for the increased
expectations, instructors and institutions should offer additional screening, orientations,
academic advising, and implement an early warning system (Coleman et al., 2017). Online
developmental mathematics instructors could imitate Veerabathina (2019), who began astronomy
courses with a synchronous videoconferencing orientation. By requiring students to attend or
report on recording a first-week orientation led by the instructor explaining the expectations,
unique challenges, and available resources for online mathematics, students can self-assess if
they are ready to undertake that challenge. These instructor orientations can be implemented
immediately, with institutions supporting instructors in developing these orientations and
advising students toward the modality tailored to each student's talents (Coleman et al., 2017).
Once students are enrolled in an online section, an early warning system should alert a dedicated
advisor to contact the student to guide them toward necessary support services (Coleman et al.,
2017).
Ultimately, online developmental mathematics students need four essential elements to
succeed. First, students should be prepared for the expectations of the course (Coleman et al.,
2017; Roye & Cauble, 2019; Veerabathina, 2019). Second, they must receive frequent reminders
and encouragement to access the available resources (Berry, 2019a; Cho & Heron, 2015;
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Coleman et al., 2017; Cung et al., 2018; Rennar-Potacco et al., 2019). Third, students should be
required to engage in meaningful dialogue with the instructor who provides timely and specific
feedback (Berry, 2019a, 2019b; Belland et al., 2017; Coleman et al., 2017; Jaggars & Xu, 2016;
Roye & Cauble, 2019; Seckman, 2018). Finally, these students should be provided with a wellstructured course that allows for low-stakes self-directed opportunities (Belland et al., 2017;
Bishop et al., 2018; Coleman et al., 2017; Roye & Cauble, 2019).
The challenge to retain online developmental mathematics students will not be solved by
any single intervention but requires a multifaceted approach. The recommendations from the
literature are clear, yet not one study has investigated the combined influence of these
recommendations. Coleman et al. (2017) noted in their literature review that "few studies have
explored the efficacy of online instruction for students in community college … , and it follows
that even fewer … have examined the effectiveness of online instruction with developmental
mathematics students." (p. 11). From the available research and recommendations, it may be
possible to design a course that effectively supports online developmental mathematics students'
unique needs at community colleges.
Traditional and Non-Traditional Students
Interest in attracting and retaining non-traditional students has grown as the percentage of
non-traditional undergraduates increases. The National Center for Education Statistics (2020b)
reported that 69.6% of all undergraduates exhibit some non-traditional characteristics. Nontraditional students are 25 and older and typically attend school part-time, work full-time, and
care for dependents (National Center for Education Statistics, 2020b). These students cite two
primary reasons for returning to education, career progression and family. Non-traditional
students return to either advance within their career or pursue a long-term career option (Dos
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Santos, 2020a; Gopalan et al., 2019; McCall et al., 2020). Family is also a strong motivator to
return to higher education, with many non-traditional students returning as role models for their
children or desiring more generous pay and flexibility to support children (Dos Santos, 2020a;
McCall et al., 2020).
Outside factors are the primary motivators for returning to higher education; they are also
the primary reasons for attrition (Mew, 2020). Cotton et al. (2017) identified personal and
university factors influencing student retention; primary personal factors include supportive
relationships with family and friends. When conflict arises between work and academics, nontraditional students report lower academic satisfaction, viewing work as their priority (Gopalan
et al., 2019). Similarly, complementary work and academic responsibilities only increased job
satisfaction (Gopalan et al., 2019).
Retaining non-traditional students require colleges to offer services tailored to their needs.
Non-traditional learners choose distance learning for convenience and self-pacing due to their
increased workloads beyond academics (Arjomandi et al., 2018; Dos Santos, 2020b). While they
are less likely to withdraw for lack of social integration, non-traditional students view peer
engagement online positively (Dos Santos, 2020b; Mew, 2020). Cotton et al. (2017) identified
several protective factors for non-traditional student retention, including supportive relationships
with peers, tutors, and faculty. Researchers consistently cite positive relationships with faculty as
a significant factor in student retention (Coleman et al., 2017; Cotton et al., 2017; Jaggars & Xu,
2016; MacDonald, 2018; Roye & Cauble, 2019). Student relationships with faculty can serve a
dual purpose, motivating students to persist and guiding students to additional support services
(Cotton et al., 2017). Utilizing faculty and tutors to funnel students toward resources like
financial aid and disability support is essential since non-traditional students tend to utilize
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supports presented to them but rarely pursue assistance (Cotton et al., 2017; MacDonald, 2018).
Early intervention programs and first-year experience courses can also direct students toward a
college’s support services (MacDonald, 2018).
College and course structure can further support non-traditional student retention. Many
non-traditional students enroll part-time while supporting a family and benefit from flexible
course scheduling through evening, weekend, and online courses (MacDonald, 2018). However,
course modality affects non-traditional student attrition, withdrawing at significantly higher rates
[38.6% to 46.4%] from Catalan universities offering only face-to-face instruction compared to
traditional students [19.4% to 21.1%, p < 0.01] (Sánchez-Gelabert, 2020). While non-traditional
students withdraw from online Catalan universities at higher rates [61.7%] than face-to-face
universities, they are not significantly different from online traditional student withdrawals
[58.4%] (Sánchez-Gelabert, 2020). Consequently, universities must implement programs to
increase retention for online and non-traditional students.
Instructors can support non-traditional students through low levels of course structure by
providing opportunities for individualized assignments (MacDonald, 2018). More importantly,
instructors should demonstrate a course content's purpose, connecting abstract concepts with
practical applications (Blieck et al., 2019; Mew, 2020). Non-traditional students value instruction
that is personalized, interactive, and accessible (Blieck et al., 2019). Additionally, Robinson
(2019) observed that non-traditional students were more likely to intend to use technology as
their perceptions of its ease of use, usefulness, and positive attitudes toward technology
increased. Therefore, Robinson (2019) suggested that increased intent to use technology would
improve student performance in an online course. Colleges attempt to provide these services
during students' first year, supplementing their first-year experiences, since first-year success
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increases students' chances of degree completion (McCall et al., 2020). Therefore, all students
must be prepared for online education early in their academic careers.
Non-traditional students actively engage in their education more than traditional students
(Arjomandi et al., 2018). Their increased engagement results from increased responsibilities,
self-efficacy, and autonomy (Dos Santos, 2020b; Siivonen & Filander, 2020). Conversely,
traditional students demonstrate less autonomy, benefitting from active teaching strategies, while
non-traditional students engage regardless of teaching strategy (Arjomandi et al., 2018; Siivonen
& Filander, 2020). Non-traditional students are more likely to enroll and succeed in online
STEM courses at community colleges than traditional students (Wladis, Conway, and Hachey,
2015; Wladis, Hachey, and Conway, 2015). Wladis, Conway, and Hachey (2015) theorized that
older students are more self-directed learners with higher motivation levels, which leads to their
increased performance in an online educational environment. Levy (2017) agreed that these
characteristics aid non-traditional students in online education, which inherently requires more
self-directed learning and time-management skills than in-person courses. Consequently,
traditional students are less prepared for online education, requiring training in self-directed
learning to improve their autonomy (Levy, 2017; Siivonen & Filander, 2020).
Orientations
Well-designed orientations combine recommendations to prepare students for the
expectations of the course and train them to become better students. First-year community
college students are less prepared for college-level coursework than their university counterparts
(Travers, 2016). Additionally, community college students are more likely to enroll in online
education, where they are less likely to complete the course compared to traditional courses
(Travers, 2016). Developmental mathematics students fair even worse, where 80% fail to
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complete a college-level mathematics course within three years (Edwards et al., 2015). To
counter this trend, community colleges should offer orientations for online students to ease their
transition into college-level workloads (Travers, 2016).
Community colleges must overcome several challenges to implement orientation
programs effectively. The community college should determine which students will participate,
recruit peer mentors, secure funding, and account for students’ nonacademic commitments
(Cuevas & Timmerman, 2010). If large-scale implementation of an orientation program for firstyear students is not feasible, community colleges should focus on students with increased risk of
attrition like traditionally aged students in lower-division coursework (Dos Santos, 2020b; Xu &
Xu, 2019). When recruiting peer mentors, community colleges do not have the upperclassman
population available like four-year universities. Community colleges should rely upon returning
students and established student organizations like student government for positive peer
mentoring (Cuevas & Timmerman, 2010). Community colleges can generate funding for such
programs through fees, donations, or support from profitable departments (Cuevas &
Timmerman, 2010). Orientation programs can also reduce costs by offering online orientations,
providing flexibility for non-traditional or part-time students with nonacademic commitments
(Cuevas & Timmerman, 2010).
For some first-year community college students, a developmental mathematics course
will be their first experience with online education. These students need guidance on navigating
such a course and the associated expectations (Robichaud, 2016). First, instructors should offer
the orientation at the beginning of the course when guidance is most beneficial, with regular
reminders to engage throughout the semester (Wandler & Imbriale, 2017; Wozniak et al., 2012).
Since voluntary enrollment results tend to be low (between 20% to 65%), researchers
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recommend requiring participation to access the material (Cuevas & Timmerman, 2010; Wandler
& Imbriale, 2017; Wozniak et al., 2012). Activities should emphasize the importance of selfregulatory techniques like time management tools, progress trackers, goal setting, and helpseeking (Sharp & Sharp, 2016; Thibodeaux et al., 2017; Wandler & Imbriale, 2017). By setting
weekly studying and homework goals, students are more likely to manage their time efficiently
and avoid procrastinating (Thibodeaux et al., 2017). Instructors demonstrate teaching presence
when they support student time management by stating expected time requirements, providing
sample schedules, and giving frequent reminders through email, texting, announcements, and
other communication both inside and outside the course's learning management system (Wandler
& Imbriale, 2017).
While orientations offer technical and logistical support, their primary focus should be
training students to learn. Self-regulated learning occurs when students plan, execute, and reflect
on feedback (Thibodeaux et al., 2017). Instructors assist with student planning by scaffolding
due dates, providing sample student work, and connecting to additional resources (Wandler &
Imbriale, 2017). Researchers have identified several strategies to assist execution. Instructional
materials can increase engagement by incorporating assessments, social media tools such as a
chat function, or gamification of the learning environment (Sharp & Sharp, 2016). Additionally,
connecting orientation activities with course content increases teacher presence and student
motivation (Wozniak et al., 2012). Finally, students can consolidate lesson materials using
organizers like notecards, graphs, and journals (Sharp & Sharp, 2016; Wandler & Imbriale,
2017). Instructors should regularly provide feedback on learning; however, a student can also
pursue feedback from peers with instructor moderation, tutors, or through personal progress

47
trackers to identify gaps in knowledge and assess how they learn (Sharp & Sharp, 2016;
Thibodeaux et al., 2017; Wandler & Imbriale, 2017; Wozniak et al., 2012).
Self-Regulated Learning Training
Self-regulated learning (SRL) should be the focus of effective student orientations. SRL
“refers to self-generated thoughts, feelings, and actions that are planned and cyclically adapted to
the attainment of personal goals” (Zimmerman, 2000, p. 14). Carver and Scheier (2016)
expanded on this definition, emphasizing self-corrective adjustments to inward impulses and
outward sources toward the individual’s current purpose. Self-regulated learners engage in
forethought, volitional control, and metacognition to acquire knowledge (Bol et al., 2016).
Students engaging in more SRL behaviors consistently outperform their peers, especially in
mathematics (Bol et al., 2016; Khan et al., 2020; Tian et al., 2018).
Even without focused training in SRL, students learn its principles and associated
behaviors. In Germany, primary and secondary classroom teachers engage in direct and indirect
SRL training (Dignath & Büttner, 2018). These educators tend to have limited knowledge of
SRL, yet primary teachers frequently develop student-centered learning environments that
promote metacognitive strategies. Primary and secondary educators must focus on direct
instruction of cognitive strategies tailored to specific educational tasks (Dignath & Büttner,
2018). In America, Wang et al. (2013) observed that repeated online course experience
correlated with more SRL strategies. Utilizing more strategies leads to higher motivation, course
satisfaction, technology self-efficacy, and higher grades (Wang et al., 2013). Wang et al. (2013)
recommended that students assign themselves a dedicated time for online coursework, and that
instructors provide an accessible learning management system with instruction in self-regulated
learning. However, instructors should not assume students have internalized SRL strategies.
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Chou and Zou (2020) observed that undergraduate computer programming students
demonstrated poor self-assessment and required external support and training.
Self-regulated learning behaviors are predictive of increased academic performance. In
China, students with metacognitive knowledge, self-efficacy, and intrinsic motivation
demonstrated higher mathematics performance (Tian et al., 2018). Further performance
improvements were noted for students with SRL training (Tian et al., 2018). Grouping American
students by their level of self-regulated behaviors revealed statistically significant differences in
academic performance [p < .05] (Khan et al., 2020). Consequently, Khan et al. (2020)
recommended self-regulated learning training.
Self-regulated learning training increases the presence of SRL behaviors. Bellhäuser et al.
(2016) observed improved student SRL behavior following web-based SRL training. However,
successive lessons had decreasing effect size from lesson one (d = 1.11) to lesson three (d =
0.51). Furthermore, improvements were only observed in groups with direct instruction in SRL,
while the control and diary-only groups showed no positive trend in general SRL behaviors
(Bellhäuser et al., 2016). A meta-analysis of self-assessment strategies also demonstrated
increases in SRL and self-efficacy (Panadero et al., 2017). Self-assessments produced positive
effects in several factors with small effect (d = 0.23) for learning SRL, medium effect (d = -0.65)
on lowering negative SRL, and a larger effect (d = 0.73) on self-efficacy (Panadero et al., 2017).
Negative SRL encompasses “regulatory actions directed by anxiety, external pressure to
perform, and task avoidance. An increase in negative SRL is therefore thought to be detrimental
for students’ learning” (Panadero et al., 2017, p. 82).
Generally, these observed increases in SRL behaviors serve as a mediating factor toward
academic performance. However, a meta-analysis revealed SRL activities only have a small
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mediating effect [β = 0.05] of SLR interventions on student achievement, yet SRL interventions
have a direct effect on achievement with SLR activity as a mediator [β = 0.18] (Jansen et al.,
2019). Therefore, interventions either influence some other mediating factor or impact
achievement. Possible explanations are the inherent unreliability of self-reported SRL
questionnaires, interventions may refocus students, students are using more effective cognitive
tasks, or interventions increased task motivation (Jansen et al., 2019). Jansen et al. (2019)
recommended SRL interventions for higher education. However, they found no differences in
training format, timing, connection to learning context, or set of SRL activities supported, so no
direction in intervention design was offered.
Educators have several options for conducting SRL training. Schuster et al. (2020)
observed increased near and far transfer of metacognitive skills when students received hybrid
training in metacognitive and cognitive strategies. The metacognitive training involved general
task strategies such as planning, monitoring, and evaluating, while cognitive training included
specific task strategies such as text highlighting (Schuster et al., 2020). While Jansen et al.
(2019) found no differences in outcomes from the set of SRL activities included in training,
Schuster et al. (2020) revealed that the type of strategies can have an effect. Reinforcing findings
that cognitive strategy training alone does not impact student performance, McCardle et al.
(2017) observed no change in the quality of personal goals following training. Personal goals
should be specific, measurable, action-oriented, realistic, and timely, referred to as SMART
goals (McCardle et al., 2017). In a stand-alone semester-long learning-to-learn course teaching
SMART goals, students demonstrated no statistically significant improvements in their quality of
self-set goals (McCardle et al., 2017). Kim and Bennekin (2016) applied metacognitive training
focused on volitional control, which included heightened emotion control to support online
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developmental mathematics student’s motivation, effort regulation, and performance. Volition
supports increased learner’s effort regulation (p = 0.045) and academic performance (p = 0.046)
yet demonstrated no change in student motivation (Kim & Bennekin, 2016).
Training outcomes vary by the SRL strategies included in the training, but they vary by
the pre-acquired SRL behaviors of students. Dörrenbächer and Perels (2016) grouped students
into four SRL profiles: low SRL skills, moderate SRL skills, high SRL skills, and highly
motivated. No significant changes were found in low and high SRL profiles, but significant
increases were found for moderate and highly motivated SRL profiles (Dörrenbächer & Perels,
2016). Higher frequencies of SRL behaviors correlated with higher academic performance,
resulting in performance increases for the moderate and highly motivated students (Dörrenbächer
& Perels, 2016). Bol et al. (2016) also observed that training in self-regulated learning resulted in
increased metacognitive skills and math achievement for community college students in
developmental mathematics courses. Therefore, effective SRL training should include specific
direct instruction in metacognitive strategies to promote increased SRL behaviors and academic
performance.
Student Orientation Effectiveness
Institutions implement a wide array of student orientation programs and self-regulated
learner training. Some colleges offer stand-alone first-year experience courses, while others
introduce a journaling component within English coursework (Valentine et al., 2011). The metaanalysis by Valentine et al. (2011) observed that more intensive programs, like the stand-alone
course, produced statistically significant improvements to student academic performance (d =
0.29 ± 0.15, p < .001). These programs do not imply that embedding orientations are ineffective,
only that less comprehensive measures, like journal reflections alone, do not support student
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academics (Valentine et al., 2011). Therefore, orientations should incorporate formalized
program goals to include these social and academic components (Jamelske, 2009). Permzadian
and Credé (2016) supported these results in their meta-analysis, observing that hybrid seminars
combining student socialization and academic skills demonstrated the most significant academic
improvements (p < .01). Additionally, there was a one-year retention increase (d = 0.49) and
academic performance increases at two-year colleges (d = 0.36) compared to four-year
universities (Permzadian & Credé, 2016).
Colleges have utilized a range of orientation programs to positively influence student’s
overall GPA and retention rates. Wilderness orientation programs have found increases in
student GPA (0.31), honors completion rates (+11.7%), 4-year graduation rates (p < .05),
improved adaptation to college life (p = .038), and a greater sense of purpose (Bailey & Kang,
2015; Deringer & Wiggins, 2018; Gonsalves, 2017; Ribbe et al., 2016). First-year experience
courses improve student GPA and retention rates when targeted to all students and taught by
trained faculty, not student teachers (Jamelske, 2009; Permzadian & Credé, 2016). Orientations
for online students or those targeted for specific content have also demonstrated higher GPA and
retention rates (Britto & Rush, 2013; Jones, 2013; Wischusen & Wischusen, 2007).
Students trained in self-regulated learning complete more credit hours with an average
GPA of 2.75 compared to 1.77 [z = -1.95, p < .05, r = .43] (Hu & Driscoll, 2013). Most
researchers reported short-term retention and GPA increases for orientations and self-regulated
learner training (Hu & Driscoll, 2013; Jamelske, 2009; Permzadian & Credé, 2016; Valentine et
al., 2011). Long-term research following students through their academic careers demonstrates
conflicting results. Wibrowski et al. (2016) observed increases in GPA over three years with no
difference in graduation rates, while Cambridge-Williams et al. (2013) observed a six-year
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continuing enrollment or graduation rate increase of 12% with no differences in GPA. However,
both researchers observed a positive influence of self-regulated learning training on student
performance.
Orientations have also benefitted at-risk and developmental mathematics students.
Community college students who do not need developmental courses graduate at a rate of 40%
within six years (Ganga et al., 2018). The graduation rate for developmental students is a mere
34% (Ganga et al., 2018). Unfortunately, students recommended to the lowest mathematics level
have not shown any significant benefit from orientation courses (Cho & Karp, 2012). However,
students in the highest level of developmental math were 6% more likely to complete collegelevel coursework within one year when enrolled in an orientation program (Cho & Karp, 2012).
When specifically trained in self-regulated learning, developmental math students scored 0.23 of
a standard deviation above the mean on final exams [d = 0.55] (Bol et al., 2016).
Embedding Orientations
Orientation programs tend to be comprehensive stand-alone courses or minimally
incorporated into content courses. Nevertheless, researchers recommend "this support is best
achieved when these activities are embedded in the disciplinary context" (Wozniak et al., 2012,
p. 907). Furthermore, orientations are infrequently mandatory, so embedding them within
coursework can ensure all students receive these necessary academic skills (Robichaud, 2016).
Taylor et al. (2015) embedded technical support activities into five content courses with either
positive or no significant results. Two courses had 6.8% to 12.6% lower withdrawal rates, while
three demonstrated 8% to 15.4% more passing grades (Taylor et al., 2015). However, Levy
(2006) explained that online student orientations should also incorporate instruction on learning
and reflecting. Two such studies in online graduate courses have demonstrated this practice to
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increase student reflections and interest in collaboration (Watts, 2019; Wozniak et al., 2012).
Watts (2019) embedded a reflective orientation program using the community of inquiry
framework, increasing students' sense of social presence and self-confidence. Ware and
Strickland (2019) noted that embedded orientations could begin before a course to improve class
time efficiency while decreasing electronic communication, allowing students to arrive prepared
with reduced anxiety.
There are multiple benefits to offering embedded orientations over a stand-alone course.
Students may not be required to enroll to stand-alone courses, thereby allowing their skills to
deteriorate since they enrolled several semesters prior to their content courses. Embedded
orientations that require participation ensure all students in the course receive the same training
simultaneously (Jones, 2013; Taylor et al., 2015). Weekly activities provide computer training or
remind students to reflect on learning and plan upcoming study sessions. Socialization is a
significant factor in improving academic performance, so peers within the same academic course
are more likely to benefit from their support (Jamelske, 2009; Permzadian & Credé, 2016).
Furthermore, embedded orientations offer additional opportunities for instructor-to-learner
interactions within the content course, which is one of the most significant factors in academic
success (Coleman et al., 2017; Jaggars & Xu, 2016; Roye & Cauble, 2019). Short, low-stakes
quizzes offer immediate feedback, while discussion boards prompt more in-depth reflection and
provide a medium for less formal peer and instructor interaction. Finally, embedded orientations
allow an instructor to tailor training to course content, improving student retention and academic
performance (Taylor et al., 2015; Watts, 2019; Wischusen & Wischusen, 2007; Wozniak et al.,
2012). A comprehensive embedded orientation serves as a channel for research-based pedagogy.
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However, further research is needed comparing the effectiveness of embedded and standalone orientations. While researchers recommend embedding orientations, their comparable
effectiveness to stand-alone courses has yet to be determined (Wozniak et al., 2012). The paucity
of embedded orientations may result from increased logistical challenges of ensuring consistency
across courses. Moreover, colleges must decide which courses should be offered with the
embedded orientations. Widespread implementation has the possibility of low faculty approval,
resulting in inconsistent performance. Additionally, embedded orientations may become
repetitive for students, resulting in low motivation to participate. Although these challenges are
significant, there are a few options that can mitigate these barriers. Institutions could limit their
implementation to select introductory and developmental courses, preventing students’
habituation to orientation materials from over-exposure (Dirksen, 2016). These select courses
could require fewer instructors to implement, increasing the potential for consistency across
courses.
Summary
Distance education has evolved considerably since the invention of the Internet, allowing
for increased reach to students and more interactive delivery. However, the debate continues
over the validity of online education compared to traditional face-to-face instruction. Studies
have concluded that online education ranges from less effective to more effective than traditional
in-person delivery (Bishop et al., 2018; Chekour, 2017; Xu & Jaggars, 2014). Regardless,
students continue to enroll in online courses for the increased flexibility that they offer. These
students, especially traditional students in developmental mathematics, face significant struggles
in self-regulation and motivation. To effectively support these students, a reliable theory-based
online pedagogy is required.
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Quality interaction and student self-regulation in online education have consistently been
identified as the most significant predictors of student success. There are many tools and
methods for effectively developing quality interaction online, including videoconferencing, text,
synchronous, and asynchronous communication. Semester-long orientations can incorporate
these tools to differentiate learners' needs while training students to access materials and take
responsibility for their learning. However, very few studies have investigated the effectiveness of
such orientations for online developmental mathematics courses at community colleges. By
testing the effectiveness of a well-designed orientation, incorporating the current tools and
research, a trusted model for developing a community of inquiry can be offered to all community
college instructors of developmental mathematics.
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CHAPTER THREE: METHODS
Overview
The purpose of this quantitative ex post facto causal-comparative study was to identify
the potential influence of embedded orientations on traditional and non-traditional online
developmental mathematics students' final grades. The community college where the study was
conducted has offered inconsistent support to beginning algebra students, occasionally providing
embedded tutoring or reflective discussion boards. Support for these students was standardized
during the Spring 2021 semester, offering an embedded orientation that included technical
support and self-regulated learning activities. Technical support ensures accessibility of course
content, while self-regulated learning training imparts necessary skills for online educational
success. This study suggested the potential influence of this orientation on traditional and nontraditional students' final grades.
Design
This study used a quantitative ex post facto causal-comparative research design. This
design involved a control and treatment group without random assignment, requiring additional
analysis to ensure equivalent comparisons (Gall et al., 2007). Participants enrolled in a beginning
algebra course, placed using multiple measures. However, since the treatment was administered
to all participants in two semesters, variation in group performance could have resulted from preexisting differences between the control students in the fall semester and treatment students in
the spring and summer semesters (Gall et al., 2007).
This causal-comparative design compared performance of students enrolled in a
beginning algebra course. Students at this community college located in the southwestern United
States were placed in beginning algebra using multiple measures, considering high school GPA,
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GED math score, SAT math score, ACT math score, or Accuplacer score (Yavapai College,
2019). Students are placed in beginning algebra courses for all but one measure when scoring at
the lowest acceptable threshold. For ACT Math, students can score one point less for placement
in a corequisite college mathematics course that supplements beginning algebra material
(Yavapai College 2019). The multiple measures are designed to place students in beginning
algebra who demonstrate elementary arithmetic skills but have yet to demonstrate any algebraic
ability. Consequently, this design utilized a two-way ANOVA, comparing the performance of
control and treatment groups and traditional and non-traditional students.
Similar studies have employed a two-way ANOVA to perform statistical analysis. The
ANOVA is commonly used in distance education research, accounting for 17.4% of data
analysis techniques in 2007 (Davies et al., 2010). Taylor et al. (2015) conducted a two-way
ANOVA to analyze video orientations’ influence in five courses, two categorical variables, on
course withdrawal rates, with a continuous dependent variable. Ribbe et al. (2016) analyzed the
influence of four outdoor orientation programs, a categorical independent variable, on student
adaptation, a continuous dependent variable measured by the Student Adaptation to College
Questionnaire, using a one-way ANOVA. Similarly, Bol et al. (2016) used one-way ANOVAs
for differences in treatment and control groups in self-regulation and study management.
There were two independent variables and one dependent variable in this study. The first
independent variable was categorical, representing participation in an embedded orientation
program. The treatment group consisted of all students in the Spring 2021 and Summer 2021
semesters enrolled in beginning algebra online at the community college. The control group
consisted of online beginning algebra students from the previous semester without the embedded
orientation. The second categorical independent variable was identified with labels including
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traditional or non-traditional student status. The most common delineation between traditional
and non-traditional students is their age. Traditional students attend college immediately
following high school graduation, while non-traditional students return to education. The
conventional identification of non-traditional students is those aged 25 and older (National
Center for Education Statistics, 2020b). The continuous dependent variable was the students'
final numerical course grades. This measure has been used in several studies to demonstrate
students' academic performance (Bacon & Brown, 2006; Cung et al., 2018; Hu & Driscoll, 2013;
Jaggars & Xu, 2016).
Research Question
The research question for this study was:
RQ: Is there a difference in online developmental mathematics students' final grades
between students who participate in an embedded orientation and those who do not based on
traditional or non-traditional status?
Hypotheses
The null hypotheses for this study were:
H01: There is no difference in online developmental mathematics students' final grades
between students who participate in an embedded orientation and those who do not.
H02: There is no difference in online developmental mathematics students' final grades
based on traditional or non-traditional status.
H03: There is no difference in online developmental mathematics students' final grades
between students who participate in an embedded orientation and those who do not based on
traditional or non-traditional status.
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Participants and Setting
Students at a southwestern community college completed this orientation over a 16-week
or 8-week semester of beginning algebra. The community college operates across six campuses
throughout one county. The student population does not directly reflect the county's population,
underrepresenting males, those aged 60 or older, and White residents. Students enrolling in
online beginning algebra are primarily in-state residents who are underprepared for college-level
mathematics. A two-way ANOVA analyzing two independent variables, each with two
categories, implied four distinct groups requiring a minimum of 144 students to participate for a
medium effect size with a statistical power of 0.7 at α = .05 (Gall et al., 2007).
Population
The study participants were drawn from online developmental mathematics students
enrolled in a southwestern community college. The county serviced by the college is 80% White,
15% Hispanic, 2% Native, 1% Black, and 1% Asian (United States Census Bureau, 2019).
Additionally, 33% of residents are 65 years or older, 51% are female, 25% have earned a
bachelor's degree, an average household income of $50,000, and 13% live below the poverty line
(United States Census Bureau, 2019). College student demographics vary from the population by
gender, race, and age because of the college's target audience and acceptance of out-of-state
residents in online programs. College students are 58% female, 59% White, 18% Hispanic, and
11% aged 60 or older (Yavapai College, 2018). Non-traditional students represent 47% of the
college population and are more likely to enroll in community interest or life-long learning
courses rather than degree track courses like beginning algebra.
Participants
For this study, the participants represented a convenience sample from online
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developmental mathematics students at a southwestern community college. The researcher
sampled the beginning algebra courses, the lowest level of developmental mathematics with
significant enrollment. The community college only offers one level of developmental
mathematics below beginning algebra (Fundamental of Mathematics), which enrolls fewer than
20 students per semester. Since lower-level mathematics students are less likely to persist to
college-level mathematics, improvements to student performance at this level have the most
significant potential for impact (Bahr, 2011; Boatman & Long, 2017; Cho & Heron, 2015; Ngo
& Kosiewicz, 2017; Xu & Dadgar, 2018). The community college offered three sections of
online beginning algebra in the Fall 2020 semester, two sections in the Spring 2021 semester,
and one section in the Summer 2021 semester. The three sections in the Fall 2021 semester did
not receive the orientation and served as the control group. The Spring 2021 and Summer 2021
sections embedded the orientation; therefore, they represented the treatment group. The
researcher collected ex post facto data from all six sections.
Orientations were implemented as part of a departmental initiative to improve student
performance. Consequently, student consent to participate in the orientation was not required.
The sample consisted of 147 students drawn from six online beginning algebra courses sections,
which met the required minimum for medium effect size (Gall et al., 2007). According to Gall et
al. (2007), 144 students is the required minimum for a medium effect size with a statistical power
of 0.7 at α = .05. These students were evenly distributed between four groups of traditional
students without treatment, traditional students with treatment, non-traditional students without
treatment, and non-traditional students with treatment. Without even distribution among the four
groups, statistical power is decreased, which increases the potential for Type 2 error. The entire
sample consisted of 35 males, 111 females, and one unknown, with 60 participants under 25
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years old and 87 aged 25 or older. The sample reflected the college population with 60% White,
18% Hispanic, 5% Native, 0% Black, and 1% Asian.
The treatment group included all online beginning algebra courses offered in the spring
of 2021 and summer of 2021. Instructor A had over 15 years of experience teaching beginning
algebra and taught both Spring 2021 sections consisting of 46 students total. Section A contained
29 students, and Section B contained 17 students. Since the Spring 2021 treatment group sample
size was insufficient for the required minimum of 144 participants, the treatment group also
included the section offered during the summer of 2021 (Section C). Instructor B had over 10
years of experience teaching online beginning algebra and offered the embedded orientation in
Section C containing 24 students. The control group included prior sections of online beginning
algebra offered during the fall of 2020, consisting of 77 students across three sections. The
classes contained 31 students, 24 students, and 22 students, respectively, all taught by Instructor
A. The demographics of each group are described in Table 1.
Table 1
Group Demographics
Group

Total Female

Age

Race

< 25

≥ 25

trad.

non-trad.

White Hispanic

Native Asian

Control

77

58

37

40

51

11

4

1

Treatment

70

53

23

47

37

16

4

0

Students enrolled in developmental mathematics are underprepared for college-level
mathematics. For traditional students, this implies a high school GPA of 2.5 to 2.9, a score below
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21 on the ACT Math assessment, or a score below 530 on the SAT Math assessment (Yavapai
College, 2019). For non-traditional students, these metrics are frequently outdated, so placement
is determined through Accuplacer performance. These students scored below 200 on the Next
Generation Advanced Algebra and Functions assessment or between 220 and 239 on the Next
Generation Quantitative Reasoning, Algebra, and Statistics assessment (Yavapai College, 2019).
Poor performance on Accuplacer is the consequence of deteriorating algebraic skills from
prolonged disuse. Even when incorporating retrieval practice in initial instruction, studies have
shown that students forget more over extended periods (Pashler et al., 2007). However, nontraditional students tend to be more prepared for online mathematics, exhibiting higher autonomy
and engagement levels than traditional students (Arjomandi et al., 2018; Dos Santos, 2020b;
Levy, 2017; Siivonen & Filander, 2020). Studies suggest that non-traditional students should
outperform their traditional counterparts.
Setting
This study was conducted at a southwestern community college. The college offers
associate degrees, numerous technical certificates, and community interest courses, with the
former two requiring college-level mathematics. Students unprepared for the rigor of collegelevel mathematics can develop their foundational skills through fundamentals in mathematics,
beginning algebra, or intermediate algebra. The skills developed in beginning algebra are
prerequisites for all students except those pursuing a technical certificate (Yavapai College,
2020). Students earning a technical certificate are required to demonstrate mastery in technical
mathematics, covering beginning algebra material and some trigonometry.
Beginning algebra introduces the concepts of algebra. Students enter with minimal
mathematical skills (applying the order of operations for arithmetic expressions and solving
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simple single variable equations). Beginning algebra is divided into four modules, reviewing
prerequisite concepts to solving more complex linear equations in one variable and evaluating
multivariable expressions. The second module introduces linear equations in two variables,
identifying their properties and representing linear equations graphically. Module three
introduces function notation and solving systems of equations through graphing, substitution,
and elimination. The final module introduces polynomial expressions and operations.
Only the asynchronous online beginning algebra courses received the embedded
orientation. Synchronous online courses are offered as an in-person facsimile and have only
recently been offered since campus closures due to the COVID-19 pandemic. Online beginning
algebra students complete all coursework through the learning management system Canvas.
Canvas (2020) offers an array of course templates for colleges, with standard features across all
templates. Every course arrives on a home page, with the math department offering a consistent
design providing instructor contact information and course overview. Classes are divided into
modules, connected concepts, which are further divided by week. Each week begins with an
overview of what students will learn, followed by instructor notes and videos, and ends with
links to weekly assignments. Students complete four types of assignments: homework, quizzes,
tests, and discussion boards for beginning algebra. Homework, quizzes, and tests are managed
using Pearson's (2020) MyLab and Mastering program, embedding assignments into Canvas.
MyLab and Mastering automatically grade these assignments and input them into the Canvas
grade book (Pearson, 2020). Students can view their grades and project final course grades based
on hypothetical future performance. Discussion boards are managed in Canvas or Harmonize,
which embeds into Canvas, at the instructor's discretion (42Lines, 2020). Discussion boards
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allow students to post public responses to instructor-generated prompts and respond directly to
their peers.
Instrumentation
Independent variables were categorical, denoting orientation participation or traditional
student status. The orientation was implemented in the spring and summer of 2021, all
participants enrolled in these sections were in the orientation group. The remaining participants
from the fall of 2020 represented the non-orientation group. Traditional student status was
collected from the Office of Institutional Effectiveness and Research (IER) and represented the
participants' age (National Center for Education Statistics, 2020b). Students aged 25 or older and
not recent high school graduates were considered non-traditional; these students were usually
enrolled part-time, employed, and balancing education with family obligations.
The dependent variable instrument was students' final numerical grades. Course grades
are universally used to measure student performance and have been used in several studies
(Bacon & Brown, 2006; Hu & Driscoll, 2013; Jaggars & Xu, 2016). Course instructors are
required to maintain their grade book in Canvas, where the IER Office collected final numerical
grades (Canvas, 2020). Final grades are composed of homework, quizzes, tests, and discussion
boards for beginning algebra courses. Typical grade distribution for beginning algebra is 15-20%
homework, 15-20% quizzes, 60% tests, and 5-10% discussion boards. For the treatment group,
the orientation materials replaced the discussion board grade category. The researcher used a
traditional grading scale: 90% or greater earned an A, 80% or greater earned a B, 70% or greater
earned a C, 60% or greater earned a D, and below 60% earned an F. Over the past three years,
the ratio of students earning an A, B, or C, has been 55% and D, F, or withdrawal has been 45%.
Only grades of A, B, or C are awarded credit for a course. The course is offered during a 16-
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week semester in fall and spring and an 8-week semester option in the summer. The course and
orientation lasted the entire duration.
The orientation group began participating in the orientation activities during the first
week. One instructor embedded the orientation activities into their Canvas modules alongside
their weekly notes and assessments. While no order is required, students were expected to
complete the orientation activities before beginning their weekly assignments. Each week of the
course contained a separate lesson designed to improve students' technical or metacognitive
skills. Lessons were divided into two pages. The first page instructed students in the weekly skill
using text and video, and the second assessed students through a multiple-choice quiz or
discussion board. Both forms of assessment were graded to motivate completion. The complete
list of weekly activities is in Table 2.
The embedded orientation was developed by applying lessons learned from prior
research. Technical resources reflected those offered by Taylor et al. (2015) and were modified
to reflect the course content. Taylor et al. (2015) created a comprehensive module introducing
the purpose of an orientation, a course overview, and a course navigation tutorial. The first week
of the embedded orientation supplemented the instructor’s course overview, purpose, and
primary course navigation. Additional features were added based on previous course instructors'
feedback concerning observed gaps in students' technical abilities. Implementing the feedback
resulted in tutorial videos reviewing past assignments, viewing the course textbook, accessing
grades, and using Zoom for office hours.
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Table 2
Embedded Orientation Activities
Week

Orientation Topic

1

Technical Resources and Course Navigation

2

Growth Mindset

3

Goal Setting and Tracking

4

Self-regulated Learning

5

How to Learn

6

Study Environment

7

Time Management

8

Math/Test Anxiety

9

Goal Check-In

10

Study Habits

11

Physical Health and Learning

12

Critical Thinking

13

Burn Out

14

Effective Peer Collaboration

15

Cramming

16

Final Reflections

Metacognitive skill development activities were modeled after the recommendations of
Watts (2019) and Wozniak et al. (2012). Students were able to begin the first week’s orientation
activity through Canvas three days before the course start date since early intervention helps
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prepare students for course expectations (Wozniak et al., 2012). Participation was required; each
week’s assessment was graded, and students were expected to reply to their peers' discussion
board posts to enhance social presence (Watts, 2019; Wozniak et al., 2012). However,
orientation quizzes allowed unlimited attempts, and discussion boards were graded on
participation to offer a safe environment for practice (Wozniak et al., 2012). All of Watts’ (2019)
recommended topics were included, consisting of organization, time management, critical
thinking, communication, and autonomy. Finally, the activities employed simple navigation with
a consistent design using features developed by the community college’s instructional designer
(Wozniak et al., 2012).
Procedures
The researcher identified six sections of online beginning algebra courses at a
southwestern community college for research; see Appendix B for a permission letter to use the
community college data. The Fall 2020 semester was selected as the control group for
comparison. The orientation group consisted of the Spring 2021 and Summer 2021 semesters due
to their consecutive deployment and similar circumstances. During the Spring 2020 semester, the
math department did not require final exams due to the disruption caused by the COVID-19
pandemic and in-person closures. Since Spring 2019, the math department has implemented
other initiatives, altering how students engage with assignments and progress through online
courses, making comparisons between the Spring 2019 and Spring 2021 semesters irrelevant.
Furthermore, during Fall 2020 through Summer 2021 semesters, all math courses were delivered
online, either through synchronous videoconferencing or completely asynchronously. It is
reasonable to assume that since these semesters did not offer an in-person option, the student
population was very similar. Each section offered an enrollment cap of 30 students for a total
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potential enrollment of 180, distributed between three non-orientation sections of beginning
algebra offered in Fall 2020 and three orientation sections offered across the Spring 2021 and
Summer 2021 semesters. It was necessary to include the orientation section from the summer of
2021 to increase orientation enrollment by 24 students.
The embedded orientation was implemented before IRB approval, as it was a
departmental initiative for all beginning algebra students. Ex post facto data collection began
following IRB approval. Due to minimal risk, participation in the study did not require consent
and was exempt from IRB review. The IER Office exported final numerical grades from the
Canvas grade book and provided demographic data, identifying student ages for traditional and
non-traditional student status. Data for treatment participation was based on the semester of
course enrollment.
Each week's activities encompassed a brief lesson and assessment. To prevent an
excessive burden on students, they could complete the average activity within 10 to 25 minutes.
Students accessed the orientation through Canvas by using a link on the course homepage or
accessing the course modules. The orientation lesson was listed first, followed by its assessment,
and then course materials for that week. However, the order of completion for weekly
assignments was not mandated, so students could attempt the orientation before or after course
assignments.
The first week's orientation activities were designed to provide students with all essential
information on where to access information in the course or whom to ask when they could not
locate a resource. Students could return to this resource throughout the semester. A four-question
multiple-choice quiz followed the first week's tutorials to ensure students understood how to
access assignments and their options for support services.
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The remaining 15 orientation activities included self-regulated learning training,
metacognitive skills, time management, study habits, and stress management. Each activity was
consolidated to one page using text and video to guide students in practicing that week's skill.
For example, the lesson on goal setting explained the essential elements of practical goals and
guided students in creating their own academic goals (see Appendix A, Figure 2). This exercise
was followed by a discussion board where students shared three goals for the course and their
plan for tracking their progress (see Appendix A, Figure 3). Midway through the semester,
students reflected on their progress toward their goals and reassessed their usefulness. Students
also shared what strategies held them accountable through the discussion board so that those who
were struggling could revise their action plan.
The instructor provided final numerical grades from orientation participants across the six
sections to the IER Office upon course completion. A factorial analysis of variance (two-way
ANOVA) determined the influence of the embedded orientation and traditional student status on
students' final grades.
Data Analysis
A two-way analysis of variance determined the influence of the embedded orientation
and traditional or non-traditional status on students' final grades, as well as the interaction
between independent variables (Warner, 2013). Ex post facto data was collected from the IER
Office and analyzed using the statistical software IBM SPSS Statistics (IBM, 2021). The three
types of data collected were final grades from instructors' course grade books, traditional student
status from the IER Office, and participation in an orientation determined by the semester
enrolled. The community college’s IER Office collected and distributed all three types of data.
All data was analyzed using SPSS version 28 (IBM, 2021). A two-way ANOVA was conducted
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to analyze the research question. The researcher investigated whether there was a difference in
online developmental mathematics students' final grades for traditional and non-traditional
students who participated in an embedded orientation and those who did not. The two-way
ANOVA was the most appropriate tool for analyzing the variance of a continuous dependent
variable from two categorical independent variables, forming four groups of participants
(Warner, 2013). The two-way ANOVA was tested at α = .05, and the effect size was reported as
2 (Warner, 2013). Data for each variable was evaluated for independent errors, screened for
inconsistencies and missing data points, and checked for extreme outliers using box and whisker
plots.
For the two-way ANOVA, the assumptions of normality and homogeneity of variance are
required. Warner (2013) recommended a Kolmogorov-Smirnov test for normality as the number
of participants was greater than 50. Finally, Levene's test checks for violations of the
homogeneity of variance assumption (Warner, 2013). If the null hypothesis had been rejected,
post hoc analysis would have been conducted using a Tukey HSD Test to compare mean
differences. The null hypotheses could have been rejected at the 95% confidence level, with α =
.05.
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CHAPTER FOUR: FINDINGS
Overview
A factorial analysis of variance was utilized to address the research questions and null
hypotheses. Assumption tests and two-way ANOVA results justified the null hypotheses
decisions. Participant demographics and their distribution among the four unique groups are
outlined below.
Research Question
The research question for this study was:
RQ: Is there a difference in online developmental mathematics students' final grades
between students who participate in an embedded orientation and those who do not based on
traditional or non-traditional status?
Null Hypotheses
The null hypotheses for this study were:
H01: There is no difference in online developmental mathematics students' final grades
between students who participate in an embedded orientation and those who do not.
H02: There is no difference in online developmental mathematics students' final grades
based on traditional or non-traditional status.
H03: There is no difference in online developmental mathematics students' final grades
between students who participate in an embedded orientation and those who do not based on
traditional or non-traditional status.
Descriptive Statistics
Data obtained for the dependent variable (final numerical grade) for the non-orientation
group of students of traditional age (NOT), the non-orientation group of students of non-
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traditional age (NON), the orientation group of students of traditional age (ORT), and the
orientation group of students of non-traditional age (ORN) can be found in Table 3.
Table 3
Descriptive Statistics
Group

M

SD

N

NOT

79.76

15.13

37

NON

76.41

27.86

40

ORT

81.15

21.31

23

ORN

82.93

18.00

47

Results
Data were screened for inconsistencies, and a box and whisker plot was used to identify
outliers. For a two-way ANOVA, the assumptions of normality and homogeneity of variance are
expected (Warner, 2013). Results of the two-way ANOVA were used to make decisions for the
three null hypotheses.
Assumption Tests
Data screening was conducted on each group’s dependent variables (NOT, NON, ORT,
ORN) regarding data inconsistencies and outliers. The researcher sorted the data on each variable
and scanned for inconsistencies. No data errors or inconsistencies were identified. Box and
Whiskers plots were used to detect outliers on each dependent variable. Outliers were identified.
Analysis including and excluding outliers was consistent. The following tests included all data
points. See Figure 1 for Box and Whisker plot.
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Figure 1
Box and Whisker Plot

Notes: Box and Whisker Plot for Non-traditional and Traditional Students in Non-orientation and
Orientation Groups.
A factorial analysis of variance (two-way ANOVA) was used to test the three null
hypotheses. The researcher looked at the differences among numerical final grades by orientation
group, traditional student status, and the interaction of orientation and traditional status. The twoway ANOVA required that the assumptions of normality and homogeneity of variance were met.
Normality was examined using a Kolmogorov-Smirnov test. Kolmogorov-Smirnov test was used
because the total number of participants was greater than 50. Three violations of normality were
found. The two-way ANOVA is considered robust against violations of normality, so analysis
proceeded (Warner, 2013). The degrees of freedom represent “the number of independent pieces
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of information that a statistic is based on” (Warner, 2013, p. 56). See Table 4 for the results of
the Kolmogorov-Smirnov test.
Table 4
Tests of Normality
Group

Kolmogorov-Smirnov
Statistic

df

Significance

NOT

.14

37

.074

NON

.26

40

<.001

ORT

.28

23

<.001

ORN

.24

47

<.001

The assumption of homogeneity of variance was examined using Levene’s test. No
violation was found, so the assumption of homogeneity was met (p = .185). For sample variance,
the degrees of freedom (df1) represented the number of groups less one, while (df2) represented
the number of participants less the number of groups (Warner, 2013). See Table 5 for Levene’s
Test.
Table 5
Levene’s Test of Equality of Error Variance
F

df1

df2

Significance

1.63

3

143

.185
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Results for Null Hypothesis One
A two-way ANOVA was used to test the first null hypothesis, measuring the differences
in final numerical grades among students who participate in an embedded orientation and those
who do not. The researcher failed to reject the first null hypothesis at a 95% confidence level
where F(1, 143) = 1.21, p = .27, 2 = .008. The effect size was very small. No further analysis
was conducted. See Table 6 for the Tests of Between-Subjects Effects.
Table 6
Tests of Between-Subjects Effects
Source

Type III Sum of
Squares

df

Mean Square F

Sig.

Partial Eta
Squared

Corrected
Model

952.18

3

317.39

.716

.54

.015

Intercept

878238.51

1

878238.51

1980.56

<.001 .933

GROUP

536.53

1

536.53

1.21

.27

.008

TRAD_
STATUS

21.10

1

21.10

.05

.83

.000

GROUP *
TRAD_
STATUS

225.82

1

225.82

.51

.48

.004

Error

63410.48

143

443.43

Total

1007056.79

147

Corrected
Total

64362.66

146
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Results for Null Hypothesis Two
A two-way ANOVA was used to test the second null hypothesis, measuring the
differences in final numerical grades among students based on traditional or non-traditional
status. The researcher failed to reject the second null hypothesis at a 95% confidence level where
F(1, 143) = 0.05, p = .83, 2 < .001. The effect size was very small. No further analysis was
conducted. See Table 6 Tests of Between-Subjects Effects.
Results for Null Hypothesis Three
A two-way ANOVA was used to test the third null hypothesis. The researcher measured
the impact on final numerical grades between students who participate in an embedded
orientation and those who do not based on traditional or non-traditional status. The researcher
failed to reject the third null hypothesis at a 95% confidence level where F(1, 143) = 0.51, p =
.48, 2 = .004. The effect size was also very small. No further analysis was conducted. See Table
6 for the Tests of Between-Subjects Effects.

77
CHAPTER FIVE: CONCLUSIONS
Overview
Results from the data analysis contributed to the body of empirical research. The effects
of the orientation are discussed for each null hypothesis. These effects have implications for
future research and educational practice. Recommendations for future research suggest strategies
to address study limitations that may have influenced the results.
Discussion
The purpose of this study was to determine the potential influence of an embedded
orientation on traditional and non-traditional online developmental mathematics students' final
grades at a community college. Beginning algebra students enrolled in asynchronous online
sections during the 2020-2021 academic year received the same academic instruction as spring
and summer session students. However, the spring and summer students were offered an
additional orientation combining technical support and self-regulated learning training.
Performance was measured by students’ final numerical grades representing the dependent
variable. The independent variables were students’ age distinguished by a traditional age under
25 or non-traditional age and participation in the orientation determined by the specific
enrollment period. One research question was investigated using three null hypotheses.
Data included all students who completed their enrolled course or withdrew due to
personal complications arising from COVID-19 and its containment. During the 2020-2021
academic year, 42 students withdrew from the course. Eight students completed their own
withdrawal, 28 students were withdrawn by the instructor or administrator, and six students cited
personal complications from COVID-19 as the primary reason for their withdrawal. These six
students were included with the sample to meet the minimum sample size of 144 participants
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with medium effect size (Gall et al., 2007). This last group was the only group of students that
provided a reason for their withdrawal. Their decision was based on whether they contracted
COVID-19 or were negatively impacted by it; these students were unable to complete the course.
The community college automatically deletes all student performance records when students
withdraw, so these students were assigned a grade of 0. Additionally, this group had the fewest
students and was least likely to affect the analysis. Investigation of data outliers confirmed the
inclusion of this group of students did not significantly influence the results. The sample size was
sufficient to detect differences in academic performance for the two independent variables.
Additional sampling was unlikely to affect the results.
The research question stated, “Is there a difference in online developmental mathematics
students' final grades between students who participate in an embedded orientation and those
who do not based on traditional or non-traditional status?” Descriptive statistics revealed modest
increases in mean final numerical grades (traditional students averaging 79.76% without the
orientation, 81.15% with the orientation and non-traditional students averaging 76.41% without
the orientation and 82.93% with the orientation). Further analysis revealed no significant
differences between the groups. Including all outliers, three out of the four groups (NON, ORT,
and ORN) violated the assumption of normality (p < .001). However, a two-way ANOVA is
considered robust against violations of normality, so analysis proceeded with the Levene’s test
revealing no violations of equality of variance [p = .185] (Warner, 2013). No significant
differences were observed by the orientation group (p = .27), traditional status (p = .83), or their
interaction (p = .48).
Two additional treatments of outliers confirmed that no group demonstrated significant
differences in final numerical grades. First, removing only students withdrawn due to
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complications arising from COVID-19 resulted in one less group (NON) violating the
assumption of normality (p > .20). However, there were still no significant differences observed
by the orientation group (p = .29), traditional status (p = .27), or their interaction (p = .26).
Removing all outliers resulted in no violations of normality for NOT (p = .06), NON (p > .20),
ORT (p = .09), and ORN (p > .20). However, there was a violation of the assumption of equality
of variance using Levene’s test (p < .001). A two-way ANOVA is not robust against violations
to this assumption when groups are not evenly distributed; therefore, no further analysis was
performed (Warner, 2013). The null hypothesis discussions compared these results with the
expectations from the research.
Null Hypothesis One
The first of three null hypotheses focused on the difference in online developmental
mathematics students' final grades between students who participated in an embedded orientation
and those who did not. Mathematics students consistently outperform their peers when they
implement self-regulatory learning behaviors (Bol et al., 2016; Khan et al., 2020; Tian et al.,
2018). When students receive training in SRL, there is a direct correlation between increased
SRL behaviors and academic performance (Bellhäuser et al., 2016; Jansen et al., 2019; Panadero
et al., 2017; Tian et al., 2018). This correlation suggests that students who participate in an
embedded orientation including technical support and self-regulated learning instruction should
obtain higher final grades than students who do not. However, no statistically significant changes
were present in this study (p = .27), so the researcher failed to reject the first null hypothesis.
Self-regulated learning training is known to assist with various outcomes depending on
the modality, strategies, and student participation. Valentine et al. (2011) observed more
significant increases in academic performance when implementing embedded orientations. This
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difference resulted from the intensity of the embedded orientation coursework. The embedded
orientation in this study included weekly required lessons with a graded component; the minimal
time requirement and graded assignment were implemented to ensure student participation.
However, no data were collected on the level of participation. Socialization in orientation
activities has demonstrated increased academic performance, and while it was encouraged, it was
not a requirement (Permzadian and Credé, 2016). This orientation followed the recommendation
of Schuster et al. (2020), incorporating metacognitive and cognitive SRL strategies. The
combination of strategies did not appear to influence academic performance, most likely
resulting from poor participation.
An effective orientation will foster a community of inquiry, requiring significant
engagement from the students and instructor. Social presence was encouraged through required
peer interaction in discussion board activities (Garrison et al., 2000). However, student
conversations were not observed, and grades were awarded for participation, so the quality of the
dialogue was unascertained. Teaching presence is developed through the design of instruction
and discussion moderation (Garrison & Akyol, 2013). Orientation instructors were not required
to engage students in discussion boards, which may have negatively influenced teaching
presence. Since no data were collected on the engagement with the orientation, it is unknown if
orientation fostered a community of inquiry, potentially impacting its effectiveness.
Null Hypothesis Two
The second null hypothesis addressed the potential differences in developmental
mathematics students’ final grades based on traditional or non-traditional status. Traditional
students were considered recent high school graduates under 25, while non-traditional students
were returning learners aged 25 or older and were typically employed, enrolled part-time, and
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caring for dependents (National Center for Education Statistics, 2020b). Non-traditional students
are more likely to engage in online coursework because they have more responsibilities, selfefficacy, and autonomy than traditional students (Arjomandi et al., 2018; Dos Santos, 2020b;
Siivonen & Filander, 2020). As more self-directed learners, non-traditional students tend to
outperform traditional students in online developmental mathematics (Wladis, Conway, &
Hachey, 2015). However, no significant differences in academic performance were observed in
this study (p = .83), and the researcher failed to reject the second null hypothesis.
Differences between traditional and non-traditional students are less prevalent in online
courses. While non-traditional students are theorized to be more prepared for online coursework,
Sánchez-Gelabert (2020) observed similar withdrawal rates for traditional (58.4%) and nontraditional (61.7%) students from online universities. This phenomenon is consistent with the
insignificant differences in final grades observed in this study. However, this contradicts the
research that non-traditional students succeed at higher rates in online STEM courses at
community colleges (Wladis, Conway, and Hachey, 2015; Wladis, Hachey, and Conway, 2015).
Non-traditional students place greater value on personalized, interactive, and accessible
instruction than traditional students (Blieck et al., 2019). No data was collected on the instruction
of course content, which may have influenced the similar academic performance between
groups.
Null Hypothesis Three
The third null hypothesis focused on the interaction of the independent variables. The
researcher sought to address the difference in online developmental mathematics students' final
grades between students who participate in an embedded orientation and those who do not based
on traditional or non-traditional status. Traditional students demonstrate less self-direction than
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non-traditional students (Arjomandi et al., 2018; Siivonen & Filander, 2020; Wladis, Conway,
and Hachey, 2015). Since training in self-regulated learning correlates with increased academic
performance, the embedded orientation should have improved traditional students’ performance
and potentially non-traditional students who were deficient in self-regulatory learning behaviors
(Bellhäuser et al., 2016; Jansen et al., 2019; Panadero et al., 2017; Tian et al., 2018). However,
no significant differences in final grades were present between the four groups in this study (p =
.48), so the researcher failed to reject the third null hypothesis.
Self-regulatory training has varying impacts on behaviors based on incoming students’
level of skill and motivation. Grouping students by SRL skill level, Dörrenbächer and Perels
(2016) observed that training only increased results for moderately SRL skilled students and
highly motivated students. These students expressed higher levels of motivation compared to
their knowledge of SRL strategies. No data was collected on incoming students’ level of SRL
skill or motivation. Dörrenbächer and Perels (2016) conducted research at a German university,
so group distributions were unlikely to translate to an American community college.
Furthermore, non-traditional students demonstrate higher SRL skills while traditional students
demonstrate lower SRL skills, implying there may have been few students classified with
moderate SRL skills or highly motivated (Arjomandi et al., 2018; Dos Santos, 2020b; Siivonen
& Filander, 2020).
Implications
The absence of statistically significant improvements suggests that this orientation
requires revision and further research to positively influence student behavior and outcomes. In
the instructional design process, innovations require iterations. Design models like ADDIE and
the successive approximation model (SAM) utilize reflection and revision to develop
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intervention improvements (Allen & Sites, 2012). Through student and instructor feedback, this
orientation will be improved to address student needs. Updates to the orientation may include
required instructor interaction, group activities to promote cohesion, or combining the SRL skills
into one cohesive project.
While increases in mean scores may imply positive effects of the orientation, further
investigation revealed no effect. Non-traditional students’ mean final grades did demonstrate
increases following the implementation of the embedded orientation. However, these differences
disappeared when removing outlier students who withdrew. This change suggests that the
orientation influenced withdrawal rates. However, there were no differences in aggregate
withdrawal rates for any of the groups.
This study adds to the body of research on the effectiveness of embedded orientations.
Valentine et al. (2011) observed that including a journaling component does not enhance student
performance. Similarly, by failing to reject the null hypothesis, this study also demonstrates that
the inclusion of SRL lessons does not improve students’ academic performance. These findings
suggest some additional characteristic is responsible for online developmental math students’
acquisition of SRL behaviors. Valentine et al. (2011) also observed that stand-alone orientation
courses did improve student academic performance. It may be some element of the orientation’s
delivery, combining lessons within a social context, that mitigates SRL adoption. Future research
is needed to investigate the influence of social presence as a catalyst, motivating students to
integrate SRL strategies into their study habits.
Limitations
Ex post facto causal-comparative research design safeguards against threats to external
validity through real-world conditions, which may threaten internal validity by forgoing
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randomization (Gall et al., 2007). Data analysis further revealed potential threats to validity that
demand consideration when interpreting the results. Furthermore, restrictions imposed by the
COVID-19 pandemic on enrollment and modality were considered.
Threats to Internal Validity
Data analysis revealed limitations in this study’s sampling, threatening internal validity.
Using ex post facto data prohibits the random assignment of participants between the nonorientation and orientation groups. In place of random assignment, measures to ensure group
equivalence included limiting the number of instructors, course modality, and utilizing the same
instructional materials, including the learning management system, textbook, assignment
manager, and common final assessment. Single semester enrollment in beginning algebra offered
an insufficient sample size requiring data collection across three enrollment periods and
employing two instructors. Consequently, the 8-week summer session (included in the
orientation group) had less time to reflect on the orientation materials compared to the 16-week
spring session.
Historically, the community college’s math department has reported lower success rates
for spring and summer sessions compared to the fall session. While this could suggest the
orientation raised student performance from spring and summer equivalent to fall student
performance, the unique population during the 2020-2021 academic year suspended this
implication. Governmental lockdowns and physical distancing efforts resulted in the community
college offering all mathematics courses through distance learning. Additionally, an estimated
25% of 2020 high school graduates elected to delay college enrollment due to the pandemic,
resulting in a unique population for this study (Wakefield Research, 2021).
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Data analysis revealed unknowns and peculiarities impacting the results. Mandating
orientation activities and graded assignments ensured participation while supporting internal
validity. However, the researcher did not assess the instructors' and learners’ levels of
engagement. The quality of interaction with the lesson materials may be predictive of student
performance. The quality and frequency of instructor-to-learner interactions, especially within
discussion boards and assignment feedback, could also encourage learner engagement. Other
factors, like instructor grading policies, may also have influenced the records of student
performance. Instructors may not have included students’ lowest grade in a particular category or
required a minimum score on the final exam to receive credit, such practices were not captured
in the data set. As a result, 67 students’ final letter grades did not reflect the standard grade
distribution based on their final numerical grades, one student received an A with an 88% score.
Without access to instructor grade books and syllabi, it was unclear why this disparity existed.
This study did not include a pilot of the orientation materials prior to implementation.
Instructional design models recommend reflection and revision of interventions (Allen & Sites,
2012). Due to time constraints, the development of this orientation lacked student feedback.
However, the orientation did include several iterations following the procedures in SAM and
soliciting feedback from beginning algebra instructors on content and delivery.
Threats to External Validity
Utilizing an ex post facto causal-comparative design mitigated threats to external validity.
Accordingly, participants were unaware of their inclusion, thereby avoiding the Hawthorne
effect where knowledge of participation in a study influences performance (Gall et al., 2007).
Data was collected from online community college developmental mathematics courses instead
of laboratory conditions, ensuring external validity through real-world situations (Warner, 2013).
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Unfortunately, attempting to secure internal validity by only collecting data during
campus closures may have negatively impacted external validity. The study population may not
reflect future online course populations due to fewer traditional student enrollment and limited
course modality. Finally, while online coursework is open to students nationally, students who
typically attend live in the rural community where the community college is located. Participants
in this study were predominantly White females, representing the college’s White population
(60% to 59%), yet over-represented the college’s female population (76% to 58%), respectively.
Nationally, females represent 58.6% of remedial course enrollment for public 2-year institutions
(National Center for Education Statistics, 2016). Consequently, results may vary from a
nationally representative study.
Recommendations for Future Research
This study introduced an embedded orientation, including training in technical skills and
self-regulated learning behaviors with no significant effect on academic performance. This
finding stands in contradiction to the body of research demonstrating the positive effects of SRL
skills, especially for community college and developmental mathematics students (Bol et al.,
2016; Dörrenbächer & Perels, 2016; Jansen et al., 2019; Khan et al., 2020; Tian et al., 2018). The
following recommendations address how this study may be improved and offer direction for
continuing research.
1. The most pronounced threat to the internal validity of this study was the separation of
groups across multiple semesters with varying lengths. Conducting a similar intervention
at multiple community colleges during a single term (with a non-orientation and an
orientation group at each campus) would allow better control for variations across time
and length of course.
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2. Future research should consider student withdrawal rates. Students developing selfregulated learning habits may persist in courses at higher levels.
3. Data analysis revealed knowledge gaps that should be addressed in future research. First,
the level of student engagement should be ascertained by collecting all orientation-related
assessments. While the orientation activities were a graded component of the course,
participation was not guaranteed. There may also exist a correlation between the quality
of student engagement and academic performance. Finally, course syllabi should be
collected to account for discrepancies in grades. These steps would further aid the
identification of data outliers.
4. A similar study should also be conducted during a typical enrollment period. Fewer
traditional students enrolled following high school graduation due to COVID-19
restrictions (Wakefield Research, 2021). Face-to-face instruction was unavailable,
requiring students to enroll in distance learning or postpone enrollment. These restrictions
altered the student population under investigation and threatened the external validity of
the study.
Orientations offering training in self-regulated learning behaviors must account for the
individuality of student experiences. While beginning algebra students are just developing their
mathematical skills, some may have experience in self-regulation and could benefit from more
cognitive strategies in problem-solving. A quasi-experimental nonequivalent control-group
design could utilize pretest-posttest results to measure students’ acquisition of SRL skills
compared to their academic performance (Gall et al., 2007).
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APPENDIX A
Goal Setting
Figure 2
Setting Goals Orientation Activity

Image removed to comply with copyright. https://youtu.be/1-SvuFIQjK8
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Figure 3
Setting Goals Discussion Board
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Note. Students will use the prompt to post three personal academic goals and a plan to track goal
progress. For this discussion board there is no expectation to reply to peers.
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